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The research results described in the following summaries were submitted by
the investigators on May 16, 1985 and cover the 6-months period from
October 1, 1985 through May 31, 1986. These reports include both work
performed under contracts administered by the Geological Survey and work by
members of the Geological Survey. The report summaries are grouped into the
three major elements of the National Earthquake Hazards Reduction Program.

Open File Report No. 86-383

This report has not been reviewed for conformity with USGS editorial standards
and stratigraphic nomenclature. Parts of it were prepared under contract to
the U.S. Geological Survey and the opinions and conclusions expressed herein
do not necessarily represent those of the USGS. Any use of trade names is for
descriptive purposes only and does not imply endorsement by the USGS.

The data and interpretations in these progress reports may be reevaluated by
the investigators upon completion of the research. Readers who wish to cite
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Southern California Seismic Arrays
Cooperative Agreement No. 14-08-0001-A0257

Clarence R. Allen and Robert W. Clayton
Seismological Laboratory, California Institute of Technology
Pasadena, California 91125 (818-356-6912)

Investigations

This semi-annual Technical Report Summary covers the six-month period
from 1 October 1985 to 31 March 1986. The Cooperative Agreement's purpose is
the partial support of the joint USGS-Caltech Southern California Seismo-
graphic Network, which is also supported by other groups. as well as by direct
USGS funding to its own employees at Caltech. According to the Agreement, the
primary visible product will be a joint Caltech-USGS catalog of earthquakes in
the southern California region; quarterly epicenter maps and preliminary
catalogs have been submitted as due during the Agreement period. About 250
preliminary catalogs are routinely distributed to interested parties.

Results

Figure 1 shows the epicenters of all cataloged shocks that were
located during the six-month recording period. Some of the seismic highlights
of this period were:

Number of earthquakes fully or partially processed: 4458

Number of earthquakes of M = 3.0 and greater: 117

Number of earthquakes of M = 4.0 and greater: 7

Largest event within network area: M = 4.9 (2 October, near San Bernardino)

Number of earthquakes reported felt: 21

Number of earthquakes for which systematic telephone notification to
emergency-response agencies was made: 2

This was a relatively dull period from the point of view of southern
California seismicity. As is obvious from Figure 1, and has been the case for
several years, minor activity remained conspicuous along the San Jacinto fault
zone, in the eastern Transverse Ranges and San Gorgonio Pass, in the Lake
Isabella area (along the Kern Canyon fault trend), and in the Coso area.
Seismicity has remained low to nil along most of the San Andreas fault,
including the Bombay Beach segment opposite the Salton Sea, although a M = 3.9
event did occur here 5 days after the close of the reporting period.

Access to network data by "outside" users was markedly improved during
the reporting period by the installation of 2 new graphics terminals specifi-
cally dedicated to this purpose, although some of the relevant software is
still under development. User access has also been facilitated by the fact
that the Caltech-USGS staff is now under full production with CUSP on the VAX
computer, and the backlog of seismological data is rapidly being whittled
away.
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Regional Seismic Monitoring Along The Wasatch Front Urban
Corridor And Adjacent Intermountain Seismic Belt

14-08-0001-A0265

W.J. Arabasz, R.B. Smith, J.C. Pechmann, and E.D. Brown
Department of Geology and Geophysics
University of Utah
Salt Lake City, Utah 84112
(801)581-6274

Investigations

This contract supports "network operations" (including a computer-
ized central recording laboratory) associated with the University of
Utah 80-station regional seismic telemetry network. USGS support
focuses on the seimically hazardous Wasatch Front urban corridor of
north-central Utah but also encompasses neighboring areas of the Inter-
mountain seismic belt (ISB). The University of Utah maintains de facto
responsibility for earthquake surveillance, including emergency response
and direct public interface, for an 800-km-long segment of the ISB
between Yellowstone Park and southernmost Utah. The State of Utah, thee
U.S. Bureau of Reclamation, the National Park Service and the U.S. Geo-
logical Survey (Geothermal Research Program) also contributed support to
operation of the University of Utah network during the report period.

Primary products of this USGS contract are quarterly earthquake
catalogs and a semi-annual data submission, in magnetic-tape form, to
the USGS Data Archive.

Results

1. Network Seismicity

Figure 1 shows the epicenters of 203 earthquakes (M < 4.4) located
in part of the University of Utah study area designated the "Utah
region" (lat. 36.75°-42.5°N, long. 108.75°-114.25%) during the six-
month period October 1, 1985 to March 31, 1986. The seismicity includes
seven shocks of magnitude 3.0 or greater, several areas of spatial clus-
tering, and three felt events.

The first felt event, 2.4, was felt in Ogden and Clearfield,
Utah on October 21 and was 1lGcated about 20 miles northeast of Ogden. A
second event, 3.3, was felt in Logan, Utah on January 13 and was
located 10 miles east of Logan. The third felt event occurred on March
24, and was located in central Utah about six miles east of Scipio.
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This event, 4.4, was the largest event during the report period and
was felt, along with several aftershocks, in the towns of Scipio, Fay-
ette, Gunnison, and Centerfield. A portable array of eight MEQ-800
smoked paper seismographs was deployed to provide high quality aft-
ershock locations and depth constraints. The data obtained from the
deployment are currently being analyzed.

The epicenters shown in Figure 1 reflect typical earthquake
activity scattered throughout Utah's main seismic region. Several spa-
tial clusters are seen. The clusters of events to the north of the
Great Salt lake and the mining-related earthquakes in the vicinity of
active underground coal mining near Price in east-central Utah are typi-
cal of the Utah region. The cluster in central Utah is associated with
the Scipio earthquake.

2. Network Polarity Checks

The maintenance of correct signal polarities is a persistent prob-
lem in the operation of any telemetered seismic network. The many
varieties of equipment in use, coupled with the fact that a normal sta-—
tion has cight or nine points in the signal path where the signal can be
reversed, make it probable that some stations will have incorrect polar-
ities

During the past year, we have developed an electro-mechanical dev-
ice to test a station's signal polarity. The seismometer is placed on a
piatform that is separated from the base of the testing device by a
molded rubber pad. The tester is actuated by a simple solenoid and
bellcrank mechanism. When current is applied to the solenoid this
mechanism provides an upward force to the seismometer platform. Since
the platform is suspended on the rubber pad there is a small upward dis-
placement of the seismometer. The response of the complete station-
telemetry-recorder system to this displacement can then be observed and
the polarity of the signal checked. Using this device, we are now
methodically checking the polarities of all of our network stations and
correcting those that are reversed.

3. Network Calibration Project

Work is continuing on hardware to do a telemetry station calibra-
tion by applying a psuedo-random binary sequence current function to the
seismometer calibration coil. The field calibration box has been built
and most of the important circuits tested. These circuits include the
random sequence generator, a DAC circuit to provide different current
levels, a precision voltage to current converter-driver, and a circuit
to provide the signal that triggers the recording computer. We are now
modifying the system to allow simultaneous telemetry of the input cali-
bration signal which will provide accurate control of the system phase
response. We anticipate that hardware development for this project will
be completed very soon, allowing systematic collection of station cali-
bration data to begin.
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Seismological Data Processing
9930-08354

Barbara Bekins and Thomas Jackson

Branch of Seismology
U.S. Geological Survey
345 Middlefield Rd. MS 977
Menlo Park, California, 94025
(415) 323-8111 ext. 2965

Investigations

Computer data processing is now an integral part of seismological research. The
purpose of this project is to provide a simple, powerful, computer data processing sys-
tem to meet the needs of scientists in the earthquake prediction program and monitor
earthquakes in northern California. This goal includes maintaining the ability to
transfer data and programs over a network and the ability to share data and programs
with USGS external contractors.

Results

An Integrated Solutions Optimum System has been purchased to replace the
PDP 11/70 UNIX system. The new system provides program virtual addressing, the
operating system is fully vendor supported, and it runs about three times faster than
the 11/70. Maintenance costs are about one-third the cost of the 11/70 maintenance.
This system is a so-called super micro system based on the Motorola 68020 micro-
processor. The system was delivered in October of 1985. It was initially delivered
with the 68010 processor but has since been upgraded to the 68020 processor. The
process of transferring operations from the PDP 11/70 to the new system is proceeding
steadily. The new system is now monitoring the RTP seismic data and several users
are working on it regularly. The system is connected via the Ethernet to the Seismol-
ogy branch VAX 750 system. The two systems communicate using the TCP/IP proto-
col. File transfers and remote logins are supported between them. The 11/70 is
expected to be phased out sometime in the next six months.

The Seismology Branch Vax 11/750 running the VMS version 4.2 has become
very busy. Various monitoring programs and equipment loans were used to evaluate
what the system bottlenecks are. Based on these investigations, new terminal controll-
ers and an additional four megabytes of memory are being purchased for the system.
Data from the real time Ppicker and the CUSP processing system are now combined in
the CUSP database. Data from the Calnet catalog will be added in the near future.

Work is proceeding on replacing the current system for digitizing of selected
earthquakes recorded on FM tapes. This digitizing is presently performed on Data
General Eclipse systems. A general purpose digital IO board has been purchased and
installed on the Integrated Solutions system for positioning the tape. Work is proceed-
ing on porting the tape control programs which were used on the Eclipses. A Tustin
digitizer has been connected to digitize the data. Software which reads in the digitized
data from the Tustin to the VAX 750 for storage and analysis has been tested. The
replacement digitizing system is expected to be fully operational in the next month.

This project also handles operational support for Seismology users of the office
VAX 785. This support consisted of weekly and monthly disk backups to tape,
authorizing new users, redistributing Seismology branch disk quotas, assisting users,
and occasional miscellaneous activities related to computer operations and system
management.
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Seismic Source Mechanism Studies
In the Anza-Coyote Seismic Gap

14-08-0001-21893

Jonathan Berger and James N. Brune
Institute of Geophysics and Planetary Physics
Scripps Institution of Oceanography
University of California, San Diego
La Jolla, CA 92093

1. Investigations

This report covers the progress of the research investigating the Anza- Coyote
Canyon seismic gap for the period of the second half of 1985. The objectives of this
research are: 1) To study the mechanisms and seismic characteristics of small and
moderate earthquakes, and 2) To determine if there are premonitory changes in seismic
observables preceeding small and moderate earthquakes. This work is carried out in
cooperation with Tom Hanks, Joe Fletcher and Linda Haar, of the U.S. Geological Survey,
Menlo Park.

2. Network Status

During the period of this report, ten stations of the Anza Seismic Network were
telemetering three component data. The network was set at a low gain for most of the
time of this report to try to record earthquakes up to magnitude 4 occurring inside the
array. In December 1985 we ran a high gain experiment for a week sampling every 4
hours to get an estimate of the diurnal variations of ground noise in this frequency band.

There were no significant modifications to the data acquisition equipment.

3. Seismicity

In the six months of summer and fall, the Anza network recorded over 50 events
which were large enough to locate and determine source parameters. These events had
moments ranging from 1 x 10'® to 1.4 x 10% dyne-cm, and stress drops ranging from
about 1 to 100 bars (Brune model). The seismicity pattern seems unchanged from what
has been observed before (Figure 1). The seismicity does not appear to be associated with
the main trace of the San Jacinto fault on the north-west end of the array. These events
in this area tend to be between the Hot Springs fault and the San Jacinto fault at depths
of 12 to 19 km. The events on the south-east end of the array near the trifurcation of the
San Jacinto fault also do not have any obvious associations with the identified fault
traces. These earthquakes are occurring at depths between 8 and 12 km. The shallowest
events are still occurring in the Cahuilla area.

4. Data Analysis

4.1. Stress Drops

The source parameters which have been determined from events recorded on the
Anza array show wide variations, even when they have similar locations. For example,
events with stress drops of the order of a hundred bars also have events with very low
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stress drops (1/10 bar to 1 bar) nearby. The mechanism by which such low stress-drop
events can occur in the same environment as high stress-drop events has not been esta-
blished.

A preliminary study was conducted to investigate this problem. Initially two sets of
data were selected for analysis, one set consisting of five events with stress drops of about
100 bars and a second set with 27 events with stress drops between .1 and 2 bars. The
high frequency asymptote on a log-log plot were fit by eye with a straight line for all spec-
tra which appeared to be reasonably approximated in this manner. Each horizontal com-
ponent was considered an independent measurement (the vertical component was con-
sidered separately). The results for the horizontal components where a is equal to the
power of high frequency fall-off i.e. slope on log-log plot.

a Aa N €
average standard no. of standard
slope deviation readings error of mean
High stress drop events 3.87 .57 43 .09
Low stress drop events 2.52 .83 304 .04
Difference 1.15

The difference in average slope is consistent with the low stress drop events having a
lower fall-off than high stress drop events by the the amount theoretically expected
between partial stress drop and total stress drop events. The fall-off for both, however, is
about a power of about 1.5 greater than predicted, and remains to be explained. This
selection of a bimodal sample of stress drops is purely for convenience to emphasize the
differences. We checked intermediate stress drop events also, but we do not report the
results here. There is a range of stress drops bridging the gap.

An example of the spectra from a high stress drop and a low stress drop event are
shown in Figure 2 from station KNW. This figure illustrates features often seen in these
comparisons: the high stress drop event is a simple pulse with a well defined corner fre-
quency and relatively steep high frequency fall-off, whereas the low stress drop event is
more complex.

A careful analysis of the data revealed that certain stations seemed to reflect site
effect distortions in their signals. Stations WMC, LVA, CRY and SND consistently
showed lower average corner frequencies and/or higher frequency fall-offs than others, and
their signals appeared less pulse-like and more distorted. In order to test the stability of
the above result we decided to look at the results with data from these stations removed.
Considering only stations RDM, KNW, PFO, BZN and FRD gave the following results

a Aa N €
average standard no. of standard
slope deviation readings error of mean
High stress drop events 3.59 .44 29 .08
Low stress drop events 2.32 .61 151 .05
Difference 1.27

Thus, eliminating the questionable stations has slightly changed the average high
frequency fall-offs, but the difference between the high stress drop and low stress drop
events remains.
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The basic observation of importance here is that for a suite of about 30 events the
average high-frequency spectral fall-off, a, is approximately 1 unit less than for a suite of
five events interpreted as having high stress drops (~100 bars). Although we need more
high stress drop events before we can be sure of the statistical validity of this result, we
feel that the data are reliable enough to warrant further study.

4.2. Coherence studies

We ran a small aperture seismic array at PFO during the period of time starting in
mid-January and ending in mid-September. We recorded 12 events on multiple stations
simultaneously. These events are of high enough quality to allow effective calculation of
the body wave coherences. A subset of six of these events were recorded on enough sta-
tions to allow frequency wavenumber analysis to be performed.

The computer programs which are being used to analyze the data were also being
developed during the period of this report. Programs have been written to calculate two
dimensional wavenumber power spectra at discrete frequencies using both simple Fourier
transforms and also the "high resolution" technique . We also have adapted a program
which stacks two dimensional slowness spectra by frequency. This stacking technique
improves the resolution of the slowness and azimuth of the body wave arrivals. Finally a
program to calculate coherences has been developed using multitaper techniques. The
prelimary results of the coherence analysis show that high coherence can be found up to
50 Hz in P wave arrivals. The shear waves become incoherent by 30 Hz in all of our
events. But there is a large scatter in the maximum frequency for the high coherence
from event to event for the body waves.

10
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Central Aleutian Islands Seismic Network

Contract No. 14-08-0001-21896
and Agreement No. 14-08-0001-A0259

Selena Billington and Carl Kisslinger
Cooperative Institute for Research in Environmental Sciences
Campus Box 449, University of Colorado
Boulder, Colorado 80309

(303) 492-6042

Brief Description of Instrumentation and Data Reduction Methods

The Adak seismic network consists of 13 high-gain, high-frequency,
two-component seismic systems and one six-component system (ADK)
located at the Adak Naval Base. Station ADK has been in operation since
the mid-1960s; nine of the additional stations were installed in 1974, three in
1975, and one each in 1976 and 1977.

Data from the stations are FM-telemetered to recording sites near the
Naval Base, and are then transferred by cable to the Observatory on the
Base. Data were originally recorded by Develocorder on 16 mm film; since
1980 the film recordings are back-up and the primary form of data recording
has been on analog magnetic tape. The tapes are mailed to CIRES once a
week.

At CIRES the analog tapes are played back at four-times the speed at
which they were recorded into a computer which digitizes the data, automati-
cally detects events, and writes an initial digital event tape. This tape is
edited to eliminate spurious triggers, and a demultiplexed tape containing
only seismic events is created. All subsequent processing is done on this tape.
Times of arrival and wave amplitudes are read from an interactive graphics
display terminal. The earthquakes are located using a program developed for
this project by E. R. Engdahl, which uses corrections to the arrival times
which are a function of the station and the source region of the earthquake.

Data Annotations

Earthquake locations are complete through December 1985. Our normal
lag time for hypocenter locations is six-to-eight weeks, dependent on the
postal service from Adak. The last major field trip to service the network
was in July and August, 1984. Because of logistic problems, the westernmost
station could not be reached at that time, and we were also unable to make
needed return trips to two other far-west stations. Of the 28 short-period
vertical and horizontal components, 21 were operating for the period of June
through December, 1985.
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Current Observations

259 earthquakes were located with data from the network during the
six-month time period from July through December, 1985. Epicenters of
these events are shown in Figure 1 and a vertical cross-section is given in Fig-
ure 2. Only five of the events located within the past six months were large
enough to be located teleseismically (USGS PDEs), in keeping with a current
low rate of teleseismically observable earthquakes in the region, as we have
noted in past reports. (Only four of the five teleseismically recorded events
are shown on Figure 1; the fifth is immediately to the east of the mapped
area.) The largest of the teleseismically recorded events was one with my 5.4
which occurred on December 28, near 177.1° W longitude (Figure 1), in the
vicinity of Adak Canyon. This is a region in which we are particularly
interested, as it may be part of the site of the next large earthquake in the
Adak region.

More detailed information about the network status and a catalog of the
hypocenters determined for the time period reported here are included in our
semi-annual data report to the U.S.G.S. Recent research using these data is
reported in the Technical Summary for U.S.G.S. Grants No. 14-08-0001-G881
and 14-08-0001-G1099 in this volume.
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Figure 1: Map of seismicity which occurred from June 1 through December
30, 1985. All epicenters were determined from Adak network data. Events
marked with squares are those for which a teleseismic body-wave magnitude
has been determined by the USGS; all other events are shown by symbols
which indicate the duration magnitude determined from Adak network data.
The islands mapped (from Tanaga on the west to Great Sitkin on the east)
indicate the geographic extent of the Adak seismic network.
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Figure 2: Vertical cross section of seismicity which occurred from June 1
through December 30, 1985. Events are projected according to their depth
(corresponding roughly to vertical on the plot) and distance from the pole of
the Aleutian volcanic line. The zero-point for the distance scale marked on
the roughly-horizontal axis of the plot is arbitrary. Events marked with
squares are those for which a teleseismic body-wave magnitude has been
determined by the USGS; all other events are shown by symbols which indi-
cate the duration magnitude determined from Adak network data. The irreg-
ular curve near the top of the section is bathymetry. Earthquakes deeper
than about 100 km depth are mislocated too far south (left) as an effect of
the slab on their ray paths to the local stations.
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Regional Seismic Monitoring in Western Washington
14-08-0001-A0266

R.S. Crosson and S.D. Malone
Geophysics Program
University of Washington
Seattle, WA 98195
|(202) 543-8020

Investigations

Operation of the western Washington regional seismograph network and routine prelimipary
analysis of earthquakes in western Washington are carried out under this contract. Quarterly
catalogs of seismic activity in Washington and Northern Oregon are available for 1984 and 1985,
and are funded jointly by this contract and others. The University of Washington operates a
total of 79 stations west of 120.5°W. Twenty seven are funded under this contract. A new sta-
tion will be installed in the Skagit Valley. A site has been selected and equipment will be
installed as soon as weather permits.

This contract provides data for USGS contract 14-08-0001-G1080 and other research pro-
grams. Efforts under this contract are closely related to and overlap objectives under contract
(G1080, also summarized in this volume. Publications are listed in the G1080 summary.

This summary covers a six month period from October 1, 1985 through March 31, 1986.
During this period the U.W. seismic network located 415 events west of 120.5°W. The largest
earthquake, MC 3.9, occurred on February 10, 1986 west of Rockport, Washington. This event
was part of a sequence of 11 events larger than magnitude 1.0, including another felt event of
magnitude 3.6 on the same day. Four other felt events were located in a similar cluster 20 km to
the southeast.

The U.W. runs a statewide sub-network of calibrated stations. Each calibrated station con-
sists of a Geotech S-13 seismometer and a Morrissey-Interface Technology amplifier/VCO pack-
age. The calibration curve for this system was given in the previous semi-annual summary. This
contract funds two of these S-13 stations. In addition, most of the other stations funded under
this contract may also be considered calibrated since the instruments have known response
characteristics.
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Central California Network Operations

9930-01891

Wes Hall
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road, Mail Stop 977
Menlo Park, California 94025
(415) 323-8111, Ext. 2509

Investigacions

Maintenance and recording of 331 seismograph stations (404 components)
located in Northern and Central California. Also recording 72 components
from other agencies. The area covered is from the Oregon border south to
Santa Maria.

Results

1. Modified and installed one hundred-nine (109) VCO/AMPS for greater
frequency stability; temperature stability; and dynamic range.
61 ea J302M to J302ML
11 ea J402 to J402ML
29 ea J402 to J402H
8 ea J502

2. Installed two 8' parabolic antennas on a commercial tower located at
Santiago Peak, Cleveland National Forest, Corona, CA. The antennas are
part of the Sctrawberry Peak — Santiago Peak — Pasadena segment of the
Southern California Microwave System.

3. Installed all electronics and activated the Southern California Microwave
System. Test data is now being telemetered from Edwards AFB to Pasadena
via Strawberry Peak and Santiago Peak.

4, All Central California Microwave System facilities were modified to
upgrade system from one-way to full duplex capability.

5. Installed equipment and activated the KAR-HOG segment of the Central
California Microwave System.

6. Installed a VHF repeater at Mission Peak and Hog Canyon microwave
faciliries.

7. Completed Procurement Contract for Northern Calif. Instrument Repair
Services (14-08-0001-22807).

8. Completed technical evaluation of RFP 1575, Southern California “"Seismic
Maintenance and Repair”. :
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ALASKA SEISMIC STUDIES
9930-01162

John C. Lahr, Christopher D. Stephens, Robert A. Page
Branch of Seismology
U. S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 323-8111, Ext. 2510

Investigations

1) Continued collection and analysis of data from the high-gain, short-period
seismic network extending across southern Alaska from the volcanic arc west
of Cook Inlet to Yakutat Bay and inland across the Chugach mountains. ©

2) Continued monitoring in the region of the proposed Bradley Lake
hydroelectric project on the southern Kenal Peninsula, a cooperative effort
with the Alaska Power Authority.

3) Cooperated with the Branch of Engineering Seismology and Geology in
operating 19 strong-motion accelerographs in southern Alaska, including 13
between Icy Bay and Cordova in the area of the Yakataga seismic gap.

Results

1) During the past six months preliminary hypocenters were determined for
1726 earthquakes that occurred between August 1985 and January 1986 (Figure
.

Twenty of these shocks had magnitudes of 4.0 my and larger, and the largest
had a magnitude of 5.5 my. Two of the larger events were located at

shallow depth (less than 30 km) within the aftershock zone of the 1979 St.
Elias earthquake north of Icy Bay, and two were located north of Glacler
Bay. The Glacier Bay shock of September 15 had a magnitude of 5.4 and is the
largest event to occur in this area since a magnitude 6.0 shock in 1952. The
remainder of these larger events were located in the Aleutian Wadati-Benioff
zone of the subducted Pacific plate which extends west and north of Cook
Inlet. A magnitude 4.6 my shock occurred on September 25 at a depth of
189 km beneath Lake Iliamna. A preliminary focal mechanism for this event
determined from regionally recorded P-wave polarities has a steeply dipping
tension axis and a nearly horizontal compression axis closely aligned with
the local north-northeast strike of the inclined seismic zone. This result
is consistent with those of other studies of focal mechanisms from the
southern Cook Inlet Wadati-Benioff zone (for example, Pulpan and Frolich,
1985) where it has been suggested that north-south compression is an
important component of the stress field within the subducted plate. On
December 30, a magnitude 5.5 my shock occurred at 50 km depth within the
Benioff zone about 30 km northwest of Anchorage and was felt throughout much
of the northern Cook Inlet region. Most of the moderate-sized earthquakes
that have been located along this segment of the Wadati-Benloff zone by the
regional network have had few if any aftershocks, but this recent event was
unusual In that it was followed within 16 hours by a sequence that included
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12 events with duration magnitudes ranging from 1.1 to 3.1. The largest of.
these aftershocks was also felt.

Features of the seismicity pattern illustrated in Figure 1 which differ
notably from previous time periods include: a tightly clustered swarm of
about 40 shocks with magnitudes smaller than 2.5 that occurred in July and
August 1985 near the intersection of the Caribou and Castle Mountain faults
about 100 km northeast of Anchorage; an apparent decrease in the rate of
crustal and shallow Wadati-Benioff zone activity beneath the southern Kenai
Peninsula, which is the result of removing six of the nine seismographs that
had been operating in this area; and an apparent increase in the rate of
shallow seismicity beneath western Prince William Sound, which is the result
of both the increased detection capabilty of the network following the
installation of three new seismographs on and near Knight Island in the
summer of 1985, and a lower magnitude threshold that is applied to this area
to select events for processing. Most of the preliminary epicenters of
earthquakes occurring beneath western Prince William Sound are located in two
clusters, one beneath Knight Island and one about 30 km to the south beneath
Latouche Island. The better constrained events are concentrated between 15
and 27 km depth.

In and around the Yakataga seismic gap the pattern of microearthquake
activity has remained relatively stable over the past several years, and no
obvious changes have been recognized in the recent six months of data that
would indicate that a major earthquake is more likely to occur in the next
year or two rather than within the next two or three decades.

2) Pronounced secondary phases have been observed on seismograms of several
crustal and Wadati-Benioff zone earthquakes that occurred beneath the
southern Kenal Peninsula. For the crustal earthquakes, the arrival times of
some of these secondary phases are consistent with a simple model in which
they are interpreted as reflections from an interface near the top of the
underlying Wadati-Benioff zone. Other secondary phases do not fit this
simple model and may indicate the presence of shallower velocity interfaces
within the crust. These data may provide important constraints on the
geometry of the subducted plate beneath this region.

3) During the summer of 1985, five ELOG (Event LOGger) digital seismic data
recorders were deployed at four sites in the Talkeetna mountains north of
Palmer, Alaska. The triggering parameters for these deployments were derived
using telemetered data from the regional seismic network. Preliminary
analysis of the field data indicated a very high false trigger rate.
Subsequent field testing in California suggested that the high rate of false
triggers was due to high frequency noise which is present in the field but
which is filtered by the telemetry link. In addition, the triggering
threshold was probably set too high. After adjustments were made to the
software, including the addition of automatic threshold setting, an ELOG was
deployed for three days to detect and record aftershocks of the Mt. Lewis,
California earthquake (5.3 my) of March 31, 1986. Of 114 aftershocks that
occurred during the deployment, 62 events were recorded by the ELOG while 105
were detected by the CALNET real-time processor. The ELOG also recorded 43
non-seismic events, probably cars on the road nearby. Waveforms of the
recorded events were stored in solid-state memory and will be used to improve
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the seismic-detection and noise-rejection algorithms.

4) Major changes were made in the seismic network during the summer of 1985
to accommodate reduced funding. Fifteen stations had to be terminated and
several changes were made in the telemetry circuits, sometimes with poor
results., For example, we have experienced problems with station outages in
the eastern part of the network where a telephone line was replaced with
multiple radio relays; four of the eight stations between Icy Bay and
Cordova, the region of the Yakataga seismic gap, have not operated during
this past winter. Another change, however, has been satisfactory; one data
circuit was switched to the State of Alaska microwave system under a
cooperative agreement with the University of Alaska. Improvements were made
at some sites, including the addition of solar power at the station on
Montague Island and the installation of a circuilt to provide absolute timing
for the strong-motion recorder at Cordova.
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Seismic Data Library
9930-01501

W. H. K. Lee
U.S. Geologlcal Survey
Branch of Seismology
345 Middlefield Road, Mail Stop 977
Menlo Park, California 94025
(415) 323-8111, Ext. 2630

This is a non-research project and its main objective is to provide access
of seismic data to the seismological community. This Seismic Data Library was
started by Jack Pfluke at the Earthquake Mechanism Laboratory before it was
merged with the Geological Survey. Over the past ten years. we have built up
one of the world's largest collections of seismograms (almost all of them on
microfilm) and related materials. Our collection includes approximately 4.5
million WWNSS seismograms (1962 - present), 1 million USGS local earthquake
seismograms (1966-1979), 0.5 million historical seismograms (1900-1962), and
20,000 earthquake bulletins, reports and reprints.

Recently, we received a few thousand magnetic tapes containing a complete
set of digital waveform data of the Global Digital Seismic Network. Although
we plan to make these valuable data available to the seismological community,
the extent of our service will depend on the available funding. Unfortun-
ately, no funding is available at present to do anything yet.

Twenty data sets that were submitted by projects funded by the USGS
External Research Program have been archived, and a description of these data
sets may be found in 0'Neill, Messier and Lee (1986).

Reports

O'Neill, M. E., Messier, T. M., and Lee, W. H. K., Earthquake Data Archiving
and Retrieval System: Archived data sets from the External Research
Program, USGS Open-File Report, 86-45, 40 pp., 1986.
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Northern and Central Californla Seismic Network Processing
9930-01160

Fredrick W. Lester
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road M/S 977
Menlo Park, California 94025
(41.5) 323-8111, ext. 2149

Investigations

l.

ll

In 1966 a seismographic network was established by the USGS to monitor
earthquakes in central California. In the following years the network was
expanded to monitor earthquakes in most of northern and central
California, particularly along the San Andreas Fault, from the Oregon
border to Santa Maria. In its present configuration there are over 350
single and multiple component stations in the network. There is a similar
network in southern California. From about 1969 to 1984 the primary
responsibility of this project was to manually monitor, process, analyze,
and catalog the data recorded from this network. In 1985 a more efficient
and automatic computer-based monitoring and processing system (CUSP) began
online operation, replacing most of the manual operations previously
performed by this project. For a more complete description of the CUSP
system see the project description "Consolidated Digital Recording and
Analysis” by S. W. Stewart.

Since the introduction of the CUSP system the responsibilities of this
project have changed considerably. The main focus of the project now is
that of finalizing and publishing preliminary network data form the years
1978 through 1984. We also continue to manually scan network seismograms
as back~up event detection for the CUSP system, supplement the CUSP data
base with data from the back-up magnetic tapes that were detected only
visually or by the other automatic detection system (RTP), and assist in
the loading of pre-1985 network data into the CUSP data base. Project
personnel also act as back-up for the processing staff in the CUSP
project. As time permits some research projects are underway on some of
the more interesting or unusual events or sequences of earthquakes that
have occurred within the network.

This project continues to maintain the primary data base for the years
1969 - 1984 on both a computer and magnetic tapes for those interested in
research on the network seismic data. As soon as the older data are
finalized they are exchanged for the preliminary data existing in the data
base.

Results

Final processing of data for the second half of the calendar year 1982 is
complete and those data are ready for publication. Work is currently
underway on the final processing of the 1978 and 1983 data. It is
expected that data from the second half of 1978 and all of 1983 will be
published in 1986. Work is currently underway on the final processing of
data for the areas around Lake Shasta, Mt. Shasta, and Lassen Volcanic
National Park. Some of these data are very preliminary and need quite a
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lot of final processing and analysis, but it is expected that this work
will also be complete by the end of 1986.

For the time period October 1985 ~ March 1986 there were an average of 4
to 6 events per day missed by the CUSP automatic detection system. These
were added to the existing CUSP data base from the back-up magnetic tape
and processed using standard CUSP processing techniques. Most of the
earthquakes that were missed occurred in northern California, north of
latitude 39 degrees. This is a particular problem in the north because
of telemetry noise that exists on those circuits. To avoid producing an
abnormally large number of false triggers in the detection system the
trigger thresholds are often set higher than normal and therefore some of
the real events are missed.

Steve Walter is currently investigating some unusual low frequency events
that he has detected in Lassen Volcanic National Park over the last four
years. Most of these are deep events, focal depths between 15 and 20
kilometers, and most are concentrated west of Lassen Peak. These events
are of interest because they resemble events seen in other volcanic
regions, particularly Hawaii, that have been associated with magma
transport.

Quarterly reports were prepared on seismic activity around Lake Shasta,
Warm Springs Dam, the Auburn Dam site and Melones Dam for the appropriate
funding agencies. Outside funding for the Lake Shasta network ended in
February 1986 so those quarterly reports will no longer be submitted. The
network will, however, remain in operation with some possible modifi-~
cations. Quarterly reports on seismic activity in the Mount Shasta area
and in Lassen Volcanic National Park were also prepared and distributed to
interested agencies and individuals.

Work is currently underway on a paper by Mari Kauffmann, Steve Walter, and
Rick Lester describing the seismicity in the Klamath Mountains - southern
Cascades - northern Sierra Nevada reglon of California for the years
1977-1984. This paper should be completed in 1986.

Reports
Reynolds, S. L., and Lester, F. W., 1986, Catalog of earthquakes along the San

Andreas Fault in central California, January-June 1978, U.S. Geological
Survey Open~-File Report 86-157, 59 p.

Walter, S. R., 1986, Intermediate — focus earthquakes associated with Gorda
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Holocene Movement on the Meers Fault, Southwest Oklahoma
R. F. Madole, and Meyer Rubin
Abstract

Stratigraphic relations, differing degrees of soil development, and
preliminary radiocarbon ages of three alluvial units indicate that the Tast
major movement on the Meers fault probably occurred in Tate Holocene time.
One alluvial unit is a matrix-supported gravel that was deposited locally on
the downthrown side of the fault in response to faulting. This gravel buries
a soil formed in the oldest of the three alluvial units and, in turn, is
truncated by the youngest alluvial unit. Three preliminary radiocarbon ages
(based on a single count) show that deposition of the youngest alluvium
probably began in the interval 0.5-1 ka (kilo annum), defining a minimum date
for the faulting; the soil probably was buried during the interval 2-4 ka,
defining a maximum date for the faulting. The soil in the gravel is weakly
developed and similar in degree of development to that in the youngest
aliuvium, thus supporting a Tate Holocene age for the gravel and also for the
time of faulting. The soil in the oldest of the three units is much more
strongly developed. It has a Bt horizon, is leached to a depth of 75 cm, and
has stage II carbonate morphology, properties which suggest a late Pleistocene
age. A preliminary radiocarbon age of a sample from the lower part of this
alluvium suggests that deposition of the unit may have begun 12-14 ka. Two
other alluvial units, perhaps deposited within the intervals 90-150 ka and
150-730 ka, provide a basis for determining a history of possible older
movement on the Meers fault.
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Regional Microearthquake Network in the
Central Mississippi Valley

14-08-0001-A0263

Willaim V. Stauder and Robert B, Herrmann
Department of Earth and Atmospheric Sciences
Saint Louis University
P.0. Box 8099 Laclede Station
St. Louis, MO 63156
(314) 658-3131

Investigations

The purpose of the network is to monitor seismic activity 1in the
Central Mississippi Valley Seismic zone, in which the large 1811-1812
New Madrid earthquakes occurred. The following section gives a summary
of network observations during the year 1985.

Results

In 1985, 189 earthquakes were located and 57 other nonlocatable
earthquakes were detected by the 39 station regional telemetered
microearthquake network operated by Saint Louis University for the U. S.
Geological Survey and the Nuclear Regulatory Commission. Figure 1 shows
171 earthquakes located within a 4° x 5° region centered on 36.5 °N and
89.5°W. Seismograph stations are denoted by triangles and are labeled
by the station code. The magnitudes are indicated by the size of the
open symbols. Figure 2 shows the locatlons and magnitudes of 126 earth-
quakes located within a 1.5° 1.5° region centered at 36.25 °N and
89.75%. Figures 3 and 4 are similar to Figures 1 and 2, but the epi-
center symbols(squares) are scaled to focal depth.

221 teleseisms were recorded by the PDP 11/34 microcomputer in
1985. Epicentral coordinates were determined by assuming a plane wave-
front propagating across the network and using the travel-time curves to
determine back azimuth and slowness, and by assuming a focal depth of 15
kilometers using spherical geometry. Arrival-time information for
teleseismic P and PkP phases has been published in the quarterly earth-
quake bulletin.

The significant earthquakes occurring in 1985 include the follow-
ing:

1 7 February 1985, UTC 2344, 36.28°N, 89.45°W: felt at Ridgely,
Tennessee. ng(IOHz) = 2.8(SLM), ng(3Hz) = 2.9<FVMZ>,

m = 2.4(TEIC).

2 15 February 1985, UTC 1556, 37.23°N, 89.33%: felt (IV) at oOld
Appleton, Missouri and at Chester and Tamms, Illinois. Felt (III)
at Cairo and Colp, Illinois. Also felt at Belknap, Illinois and
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Mayfield, Kentucky. (10Hz) = 3.3(SLM), (3Hz) = 2.9<FVMZ>.
"Lg "Lg

3 1 May 1985, UTC 1627, 37.980N, 87.61°W: felt in the western part of
Evansville, Indiana. ng(BHz) = 2,9 <FVM>.

4 4 May 1985, UTC 0707, 36.27°N, 90.77°W: felt (IV) at Biggers,

Arkansas. ™ e = 3,1(SLM), my = 2.7(TEIC).

5 6 September 1985, UTC 2217, 35.77°N, 93.12°: felt (V) at Deer,
Green Forest, Kingston, Nail, Ozone, and Pyatt. Felt (IV) at Bass,
Bruno, Everton, Hasty, Huntsville, Jasper, Mount Judea, Parthenon,
Saint Paul, Tilly, Western Grove, and Vendor. Felt throughout much
of mnorthwestern Arkansas. = 3,6(NEIS), = 3,8(TUL),
m = 3.3(TEIC). "blg "bLe

6 9 September 1985, UTC 2206, 41.85°N, 88.01°W: felt (V) at Clarendon
Hills, Edgebrook, Hinsdale, and La Grange. Felt (IV) at Brookfield
and Western Springs. Felt (III) at Countryside, Lindenwood, and
Villa Park. ToLg T 3.0(NEIS).

7 8 November 1985, UTC 1956, 35.42°N, 91.84°W: ng(lon) = 3.5(SLM).

8 5 December 1985, UTC 2259, 35.86°N, 89.99°W: felt (V) at Blythe-
ville Air Force Base, Arkansas. Felt (IV) at Blytheville, Osceola,
Burdette, Keiser, Joiner, and Tomato, Arkansas. Also felt (IV) at
Henning, Tennessee. Felt (III) at Armorel, Dell, Driver, Luxora,
and Wilson, Arkansas. m (10Hz) = 3.5(SLM), m (3Hz) = 3.6<FMVZ>,

= 3.9(NEIS) & &
mbLg ' '

9 29 December 1985, UTC 0856, 38.49°N, 89.02°W: felt in the Cen-
tralia, Iuka, and Salem, Illinois areas. m (10Hz) = 3.2(SLM),
my o (3H2) = 3.0<FWMZ>, m = 3.5(NEIS). &
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Consolidated Digital Recording and Analysis
9930-03412

Sam W. Stewart
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road M/S 977
Menlo Park, California 94025
(415) 323-8111 Ext. 2577

Investigations

The goal is to operate, on a routine and reliable basis, a
computer—automated system that will detect and process earthquakes occurring
within the USGS Central California Earthquake Network (also known as CALNET).
Presently, the output from more than 450 short-period seismic statioms is
telemetered to a central recording point in Menlo Park, California. Two DEC
PDP11/44 computers, and a VAX/750, are used on this project. The 11/44A is
dedicated to the task of online, realtime detection of earthquakes and storing
the waveforms for later analysis. The 11/44B is used for offline processing
and archiving of earthquakes. Both computers have a 512 channel
analog-to-digital converter, so the 11/44B can serve as backup to the online
system whenever necessary. The two computers can communicate with each other
via a simple digital-bit I/0 "semaphore"” system, and can transfer large
amounts of data via a dual-ported disk subsystem or a dual-ported magnetic
tape subsystem. The VAX/750 is a general purpose computer used by the Branch
of Seismology. We use it as the primary "research” computer for the CUSP
system. It holds the primary data base of earthquake summary data and phase
card data, which is available for research purposes. We update and maintain
the CALNET data on this computer.

Both 11/44 computers use the RSX11M-PLUS (v2.1) operating system.
The VAX/750 uses the DEC VMS operating system. Software has been developed
largely by Carl Johnson in Pasadena, but with considerable modification by
Peter Johnson, Bob Dollar and Sam Stewart, to meet Menlo Park's specific
needs. Our applications are all written in Fortran-77, but with heavy use of
system functions unique to the RSX or VMS operating systems.

Results

1. During the period October 1985 thru March 1986 approximately 7500
events were processed through the CUSP system. This includes 6300 events that
were classified as 'LOCAL' events, i.e., they occurred within or near enough
to the network that hypocenters were calculated and the data entered into the
catalogs. The remaining 1200 events were either regional or teleseismic
events, or unprocessed copies of local events that were too small (M1 1.0)
to be timed, or copies of very large events that had to be 'split' in order to
be accomodated by the 11/44 hardware limitations. In addition, a few thousand
non-seismic, noilse events detected by the online 11/44A computer had to be
examined and deleted. Considering only the seismic events, this projects to an
annual rate of processing about 15,000 events per year.
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2., Calibration pulses generated by the field units are now captured
routinely by the online 11/44A earthquake detection system. The onset time of
each calibration pulse is timed by the analyst on the 11/44B system. The MEM
file for each set of calibrations is then written to an archive tape that
contains only calibration pulse files.

On the VAX/VMS 750, the pulses are read in from the ARKIVE tape, and
plotted in a format that facilitates detecting network/instrumental hardware
problems. The pulses are not yet used to determine complete system response
curves. Mary O'Neill Allen has developed programs to analyze the pulses and
automatically determine which ones are outside the bounds of acceptable
operational parameters. The idea is to determine, objectively, which stations
need maintenance done on them.

3. Data from the Rex Allen/Jim Ellis Real Time Processing system (RTP)
and the Prototyping system (PRO) are coming into the VAX/VMS 750 system in
realtime. The data are entered into the CUSP database system, magnitudes
determined from an algorithm developed by Al Lindh, an ‘'alarm system' (under
test) sends a VAX/MAIL message to selected persons if certain hypocenter and
magnitude criteria are met, and the data entered into an online catalog.

There are 408 stations currently online to the RTP/PRO systems. The
hypocentral parameter data are also sent via Ethernet to Fred Klein's Real

Time Display (RTD) color terminal and DEC PC where they are plotted
automatically.

4, The CUSP earthquake editor (QED) on the VAX/VMS 750 was modified to
measure amplitudes and periods as well as the usual phase onset time and first
motion direction. The software is quite general in that an amplitude window
of any length can be defined, and full- or half-amplitudes and periods can be
measured. The automatic analog gain ranging feature of the Alaska Network
instrumentation can also be accomodated.

5. CUSP MEM-file tapes from the Pasadena CUSP system for the period
October 1983 thru April 1985 were received during this report period. These
tapes were copied, and put thru the CUSP system in Menlo Park, resulting in
MEM files and tapes consistent with the Menlo Park system.

Reports

Lee, W.H.K., K. Aki, B. Chouet, P. Johnson, S. Marks, J.T. Newberry, A. Ryall,
S.W. Stewart and D.M. Tottingham, 1986, A Preliminary Study of Coda Q
in California and Nevada. Bulletin of Seis. Soc. Am. (in press).

Peng, J.Y., K. Aki, W.H.K. Lee, B. Chouet, P. Johnson, S. Marks, J.T. Newberry,
A.S. Ryall, S.W. Stewart and D.M. Tottingham, 1986, Coda Q Associated
Round Valley Earthquake in California. (Submitted to Journal of
Geophysical Research)
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Seismic Monitoring of the Shumagin Seismic Gap, Alaska
USGS 14-08-0001-21919

John Taber and Klaus H. Jacob
Lamont-Doherty Geological Observatory of Columbia University
Palisades, New York 10964
(914) 359-2900

Investigations

Seismic data from the Shumagin seismic network were processed to obtain origin times,
hypocenters, and magnitudes for local and regional events. The processing resulted in files of
hypocenter solutions and phase data, and archive tapes of digital data. These files are used for the
analysis of possible earthquake precursors, seismic hazard evaluation. and studies of regional tec-
tonics and volcanicity (see Analysis Report, this volume). A yearly bulletin is available for 1984
data and will be available for 1985 data.

Results

The Shumagin network was used to locate 829 earthquakes in 1985. The seismicity of the
Shumagin Islands region for this time period is shown in map view and cross section in figure 1.
The most notable activity in 1985 was a sequence of events that began with an Ms= 6.5 event in
October and included 4 additional events greater than or equal to magnitude 5. The sequence is
visible on the map near 54 N,159 W. This is near a similar but smaller sequence that occurred in
1983. Otherwise the overall pattern over this time period is similar to the long term seismicity.
Concentrations of events occur at the base of the main thrust zone and in the shallow crust
directly above it. The continuation of the thrust zone towards the trench is poorly defined. West
of the network (which ends at 183 ) the seismicity is more diffuse in map view. Below the base of
the main thrust zone (745 km) the dip of the Benioff zone steepens. Part of the double plane of
the lower Benioff zone is evident near 100 km depth.

The network is capable of digitally recording and locating events as small as Ml = 0.4 with
uniform coverage at the 2.0 level. Onscale recording is possible to "Ms=6.5 on a telemetered 3
component force-balance accelerometer. Larger events are recorded by one digitally recording
accelerometer and on photographic film by 12 strong-motion accelerometers.
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Earthquake Hazard Research in the Greater Los Angeles Basin
and Its Offshore Area

#14-08-0001-A0264

Ta-liang Teng
Thomas L. Henyey
Egill Hauksson

Center for Earth Sciences
University of Southern California
Los Angeles, CA 90089-0741
(213) 743-6124

INVESTIGATIONS

(1)

Monitor earthquake activity in the Los Angeles Basin and the adjacent
offshore area.

(2) Upgrade of telemetry electronics used by remote field stations. The
microprocessor-based Optimal Telemetry System has been deployed for field
testing at three seismic stations.

RESULTS

(1) The earthquake activity that occurred in the Los Angeles basin and the

southern California coastal zone during 1985 is shown in Figure 1. The
seismicity rate during 1985 is similar to the rate that was recorded
during the previous three years. The earthquake activity in the Los
Angeles basin is characterized by single shocks that are scattered
throughout the region. Several spatial clusters are observed in the
monitoring region. Clusters of seismicity are observed at the northern
segments of both the Newport-Inglewood fault as well as the Palos Verdes
fault during 1985. The adjacent offshore area in Santa Monica Bay is
also characterized by a moderate level of seismic activity. A cluster of
earthquakes 1s observed near the aftershock zone of the 1973 Point Mugu
earthquake. The largest earthquake to occur within the Los Angeles basin
had a magnitude of 3.6 and was located in San Pedro Bay, just south of
the City of Long Beach. In summary, although the 1985 seismicity in the
southern California coastal zone and the Los Angeles basin is
characterized by several spatial clusters of seismicity, the overall
level of activity is moderate to low as compared with the last 10 years
of seismicity.

Focal mechanisms have been determined for the M 3.0 earthquakes that
occurred in the Los Angeles basin during 1985 (see Figure 2). The event
(February 14, 1985) located in San Pedro Bay near the Palos Verdes fault
shows oblique reverse faulting with some amount of strike slipe faulting.
Three events (March 4, April 5 and April 8, 1985) that occurred along the
southern margin of the Transverse Ranges show mostly reverse faulting.
These mechanisms are consistent with the fault plane solutions of the
1973 (M=6.0) Point Mugu and the 1979 (M=5.0) Malibu earthquakes.
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(2) A second generation of the optimal telemetry system (OTS) is currently
being designed and built. The front-end anti-aliasing filters have been
upgraded to 7 poles. To minimize electronic noise the microprocessor has
been placed on a separate circuit board. The design goals are to achieve
a background noise level of 1 mV or less. Field testing of the new OTS
is planned to begin in July 1986.

REPORTS

Hauksson, E., T. L. Teng, T. L. Henyey, J. K. McRaney, L. Hsu and G. Saldivar,
Earthquake Hazard Research in the Los Angeles Basin and its Offshore Area,
U.S.C. Geophysics Laboratory Technical Report #8501, 1985.

Teng, T. L., Application Results of an Optimal Telemetry System, submitted to
AGU Fall Meeting, 1985.

Saldivar, G., E. Hauksson and T. L. Teng, The Malibu Earthquake (M=5.0) and
Its Aftershock Sequence, southern California, January, 1979, submitted to
AGU Fall Meeting, 1985.

Hauksson, E., Constraints on the Velocity Structure of the Crust in the Los
Angeles Basin and the Central Transverse Ranges, southern California,
submitted to AGU Fall Meeting, 1985.

Teng, T. L. and M. Hsu, A Seismic Telemetry System of Large Dynamic Range,
Bull. Seism. Soc. Amer., in press, 1986.

Hauksson, E. and G. Saldivar, The 1930 Santa Monica and the 1979 Malibu,
California, Earthquakes, submitted to BSSA, April 1986.

Hauksson, E., T. L. Teng, T. L. Henyey, J. K. McRaney, L. Hsu, M. Robertson
and G. Saldivar, Earthquake Hazard Research in the Los Angeles Basin and Its
Offshore Area, U.S.C. Technical Report #86-1, February 1986.
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Field Experiment Operations
9930-01170

John Van Schaack
Branch of Seismology
U. S. Geological Survey
345 Middlefield Road MS5-977
Menlo Park, California 94025
(413) 323-8111, ext. 2584

Investigations

This project performs a broad range of management, maintenance,
field operation, and record Keeping tasks in support of seismology and
tectonophyeics networks and field experiments., Seismic field systems
that it maintains in a state of readiness and deploiys and operates in
the field (in cooperation with user projects) include:

. 3~day recorder portable seismic systems.
“Cassette" seismic refraction systems.
Portable digital event recorders.

. Smoked paper recorder portable seismic systems

an o

This project is responsible for obtaining the required permits
from private landowners and public agencies for installation and
operation of network sensors and for the conduct of a variety of field
experiments including seismic refraction profiling, aftershock
recording, teleseism P-delay studies, volcano monitoring, etc.

This project also has the responsibility for managing all radio
telemetry frequency authorizations for the Office of Earthquakes,
‘“Yolcanoes, and Engineering and its contractors.

Results

Seismic Refraction

One hundred twenty seismic cassette recorders were used in the
PACE experiment along the California Arizona border in late Dctober
1985. The experiment was a success in all respects. Preliminary work
is being done in preparation for two refraction experiments to be
carried out later in 19868, The first will be in Central Nevada and
the second near the Nevada Test Site,

Telemetry Networks

A number of modifications have been made to the Central
California Seismic Network telemetry system to reduce telemetry costs
and increase reliability. The microwave network is almost completely
redundant between Parkfield, CA. and Menlo Park. We have also
completed the system as a two way system between Menlo Park and
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Parkfield. We are presently testing portions of a cooperative network
with the U.S.Army Corps of Engineers. This net will extend between
Sacramento and Camp Roberts. Apprux.mately two thirds of our
telemetry stations are being carried on the microwave network at a
savings of about $130,000 in telephone telemetry costs.

Portable Networks

Six seismic telemetry stations were installed around Ruiz VYolcano
in Colombia, Scuth America in November 1985. The data were
telemetered to a3 central recording site and recorded on drum
recorders. These stations will become part of a permanent network to

be operated by the Colombian Government to monitor this active
volcano,
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Data Processing Center Operations
9930-01499

John Van Schaack
Branch of Seismology
U. S. Geological Survey
345 Middlefield Road- Mail Stop 977
Menlo Park, California 94025
(415) 323-8111, Ext. 2584

Investigations

This project has the general housekeeping, maintenance and management
authority over the Earthquake Prediction Data Processing Center. Its
specific responsibilities include:

Results

Day to day operation and performance quality assurance of 5 network
magnetic tape recorders.

Day to day management, operation, maintenance, and performance
quality assurance of 2 analog tape playback stationms.

Day to day management, operation, maintenance and performance
quality assurance of the U.S.G.S. telemetered seismic network event
library tape dubbing facility (for California, Alaska, and Hawaii).
Projection of usage of critical supplies, replacement parts, etc.,
maintenance of accurate inventories of supplies and parts on hand,
uninterrupted operation of the Data Processing Center.

Procedures and staff for fulfilling assigned responsibilities have been
developed and the Data Processing Center is operating smoothly and serving a
large variety of scientific user projects.
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Characteristics of Active Faults
9950-03870

Robert C. Bucknam
Branch of Engineering Geology and Tectonics
U.S. Geological Survey, MS 966
Denver Federal Center, Box 25046
Denver, CO 80225
(303) 236-1604

Investigations

1.

2.

Scarp degradation studies--Lost River Range, Idaho.

Afterslip study--Motagua fault, Guatemala

Results

1.

Geomorphic methods of dating fault scarps have proven to be widely useful
in studies of paleoseismicity. Such methods typically compare the form of
a scarp of unknown age with that of a scarp whose age is well known.
However, the influence of lithologic properties of the faulted alluvium
(and other site-specific variables) on the rate of degradation is
virtually unknown, introducing possibly significant errors in the
geomorphically assigned age. 1In particular, the rate at which the "free
face" from the faulting event is destroyed may be particularly sensitive
to small variations in the properties of weakly-indurated alluvium and
colluvium. Based on extrapolation of the loss of the free face on scarps
less than 100 yrs old, Wallace (1977) estimated that the time required for
loss of the free face to be in the range of several hundred to several
thousand years, a range of possible major importance when dating Holocene
age scarps. Recently acquired data from fault scarps produced by an
earthquake in 1739 in north-central China (Zhang and others, in press)
show that the free face on those scarps is well-preserved on scarps more
than 2 m high after nearly 250 years, and locally it is likely to be well
preserved for many hundreds of years more. The variability in
preservation of the free face along these scarps, however, indicates that
subtle lithologic differences locally exert a strong influence on the rate
at which the scarp is modified.

As part of a study to associate variations in the rate of
modification of the free face with lithologic and other site specific
variables, I have begun photogrammetric documentation of the modification
of scarps formed by the Borah Peak earthquake in Idaho. The procedures,
developed in collaboration with Sherman Wu of the Branch of Astrogeology,
allow monitoring several meter-long intervals of scarp with an X-Y-Z
resolution of 1 cm or better. Accurate knowledge of the changes taking
place is an essential first step in evaluating the effect of various
parameters on the rate and mechanism of degradation. The work is
focussing on historic earthquake scarps developed along modified
preexisting late-Quaternary scarps. This approach, in contrast to a study
of artificial scarps such as roadcuts, offers the opportunity to assess
the relative importance of the free face stage on the estimated age of the
eroded fault scarp.
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The first set of photos was taken in October 1985. The site will be
rephotographed in early May 1986 and again in October 1986 to document the
changes that occur. The timing of the photcgraphs is intended to aid in
identifying possible seasonal effects on the rate of scarp erosion. The
photographs, taken with a calibrated mapping camera are being used to
compile "topographic" maps referred to a vertical plane. Comparison of
one map with another will provide an iscbase map of changes on the scarp
face.

2. Afterslip following the 1976 Guatemala earthquake was conspicuous at
several localities along the Motagua fault (Bucknam and others, 1978).
Alinement arrays established across the fault in 1978 (Bucknam, 1978) have
been measured periodically through September 1983 by the Instibtuto
Geografico Militar of Guatemala. Figures 1a and 1b show the general
nature of the afterslip determined by those measurements at one of the
sites. Although the rate of siip is decreasing, it is not decrceasing
exponentially with time as often noted for afterslip following cther
earthquakes. Preparation of a report on these data is pending a resurvey
of the arrays that has been requested for 1986 to complete the record of
afterslip in the decade following the earthquake.

References Cited

Bucknam, R. C., Plafker, George, and Sharp, R. V., 1978, Fault movement
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Comparative Earthquake and Tsunami Potential for Zones
in the Circum-Pacific Region

9600-98700

George L. Choy
Stuart P. Nishenko
William Spence
Branch of Global Seismology and Geomagnetism
Denver Federal Center
Box 25046, Mail Stop 967
Denver, Colorado 80225
(303) 236-1506

Investigations

1. Prepare detailed maps and text of comparative earthquake potential for
the west coasts of Mexico, Central America, and South America.

2. Conduct investigations of the historic repeat-time data for great
earthquakes in the northern Pacific Ocean margin.

3. Conduct investigations into the tectonic mechanisms of major earthquakes
in Peru, Chile, and the central Sunda arc in order to assess the likelihood
of possible major subduction zone events in those locations.

4, Develop a working model for the interaction between forces that drive
plate motions and the occurrence of great subduction zone earthquakes.

5. Develop a rapid method for the estimation of the source properties of
significant earthquakes.

Results

1. The probabilistic work has been done for the west coast of Chile and
southern Peru (Nishenko, 1985). The highest probability for the recurrence
of a great earthquake was assigned to the Valparaiso gap. Confirmation of
the theoretical approach was given by the Chile earthquake of March 3, 1985
(Mg 7.8). Considerable stress may remain in the Valparaiso gap. Also
having high seismic potential are the areas of Coquimbo-Illapel and Talca-
Concepcion. Although their risk is poorly constrained, the areas of Arica-
Antofagasta and Mollendo-Arica are considered to have high seismic
potential. The probabilistic work for Mexico is completed. Two regions
have the highest probabilities for recurrence of large earthquakes within
the next two decades: the central Oaxaca gap and the Acapulco-Marcos gap
(Nishenko and Singh, in preparation). The Michoacan seismic gap was
prominent and in fact a catastrophic earthquake (MS 8.1) occurred there on
September 19, 1985. An analysis of the 1932 Jalisco earthquake was
published (Singh et al., 1985).
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2., Data on the occurrence of great earthquakes and tsunamis from the Queen
Charlotte Islands counterclockwise through the Aleutian Islands have been
collected. Evaluation of the probabilistic recurrences in this region will
be done by Dr. Nishenko in collaboration with Dr. K. Jacob.

3. Research on the 1974 central Peru earthquake (MS 7.8) has been com-
pleted. One conclusion is that the magnitude of the maximum likely
earthquake that can occur here is M, 8.4. A study on the central Sunda arc
earthquake of 1977 (Spence, 1986a) concludes that a great thrust earthquake
will not occur at the arc, but that a great normal-faulting earthquake is
possible.

4, An evaluation of the ridge-push and slab-pull forces in the context of
stresses that lead to great subduction zone earthquakes has been complete
(Spence, 1986b).

5. We are developing computer packages that will permit the rapid estima-
tion of source properties of significant earthquakes on a routine basis. We
are now routinely using broadband data to obtain depth phases for all earth-
quakes over my 6.0. We are nearly finished with an algorithm that will
permit semi-automated on—-line computation of radiated energy using as input
digitally recorded broadband data for all earthquakes over my 6.0.
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Earthquake Hagzard Investigations in the Pacific Northwest
14-08-0001-G1080

R.S. Crosson
Geophysics Program
University of Washington
Seattle, WA 98195
(202) 543-8020

Investigations

The objectives of this research are to provide fundamental data and interpretations for
earthquake hazard investigations. Currently, we are focusing on seismicity, structure, and tec-
tonic questions related to the occurrence of a hypothetical major subduction earthquake on the
Juan de Fuca - North American plate boundary. Specific tasks which we have worked on in this
contract period are:

1. Assembling a uniform data-base of all arrival time data available for Washington and northern
Oregon from 1970 to the present.

2. Initial studies of tomographic inversion of travel times to determine three-dimensional earth
structure.

3. Locations, focal mechanisms and occurrence characteristics of crustal and subcrustal earth-
quakes beneath western Washington and their relationship to subduction processes.

4. Re-examination of teleseismic travel-times of large events in the Pacific Northwest for evi-
dence of slab location and orientation.

Results

1. We are establishing a uniform base of arrival time data for all network data from 1970 to the
present. From 1970 through 1979, data were archived in several different formats, at several sites.
‘Pickfiles’ of arrival times have been reformatted and events relocated using updated velocity
models and location routines. The western Washington data from 1970-1979 and eastern Wash-
ington data from mid-1975 through 1979 are complete, and available for research. Eastern Wash-
ington data from 1970 through mid-1975 have been retrieved and are being processed.

2. We are beginning to use tomographic inversion of arrival-time data to determine the lateral
velocity structure of the Puget Sound area using P and S-wave data recorded by the University of
Washington seismic network. We will use local events to determine velocity structure shallower
than about 60 km.

At present we are investigating several inversion procedures including simple and multiple intera-
tion back projection, direct conjugate-gradient least squares, a Fourier series smoothing method,
and convolution techniques. We are investigating three dimensional modeling and the effects of
errors and incomplete coverage in the data.

3. A data base of focal mechanisms is being established. The objective of compiling this data

base is to use the information to determine the most probable regional tectonic stress in western
Washington.
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Focal projections of first-arrival polarities have been plotted for more than 400 earthquakes
which had ten or more polarities read in routine processing. Focal mechanisms are being deter-
mined where possible. Azimuth and plunge of P and T axes must be read from the plots and axes
checked to ensure orthogonality. A grading scheme will be implemented to indicate the quality of
focal mechanism solutions. Such a grading scheme will consider inconmsistent or ambiguous
arrivals, and the range of feasible focal mechanisms.

4. Teleseismic residuals from the 1965 Puget Sound earthquake (depth = 60 km) were interpreted
by McKenzie and Julian (1971) as evidence of a north-south striking slab dipping 50 degrees east.
We recalculated these residuals using both Jeffreys-Bullen and Herrin travel-time tables, and
determined that the anomaly is independent of choice of travel-time table. Two other earth-
quakes of comparable depth, in 1949 (Puget Sound) and 1976 (Pender Island) have similar resi-
dual patterns. Several shallow earthquakes in the Pacific Northwest were also analyzed and do
not show a consistent distribution.

Articles

Ludwin, R.S., S.D. Malone, R.S. Crosson, 1986 (in press), Washington Earthquakes, 1983,
National Earthquake Information Service

Ludwin, R.S., S.D. Malone, R.S. Crosson, 1986 (in press), Washington Earthquakes, 1984,
National Earthquake Information Service

Zervas, C.E. , and R.S. Crosson, 1985 (in press), Pn Observations and Interpretations in Washing-
ton, BSSA

Reports

Univ. of Wash. Geophysics Program, 1985, Quarterly Network Report 85-C on Seismicity of
Washington and Northern Oregon

Univ. of Wash. Geophysics Program, 1985, Quarterly Network Report 85-D on Seismicity of
Washington and Northern Oregon

Regional Seismic Monitoring in Western Washington, 1986, Contract 14-08-0001-21861 Final
Technical Report 1985.

Univ. of Wash. Geophysics Program,1986 (in preparation), Compilation of Earthquake Hypo-
centers in Washington, 1980.

Univ. of Wash. Geophysics Program,1986 (in preparation), Compilation of Earthquake Hypo-
centers in Washington, 1981.

Abstracts

Ludwin, R.S. and Crosson, R.S., 1986, Teleseismic Residuals and Slab Structure in the Pacific
Northwest, Earthquake Notes, Vol. 57, no.1, p. 10.

Crosson, R.S., 1986, Where is the Subducted Slab beneath the Pacific Northwest?, Earthquake
Notes, Vol. 57, no.1, p. 10.
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Investigations of Intraplate Seismic-Source Zones
9950-01504

W. H. Diment
Branch of Engineering Geology and Tectonics
U.S. Geological Survey
Box 25046, MS 966, Denver Federal Center
Denver, CO 80225

Investigations

1.

Reprocessing selected parts of 320-km seismic-reflection data in upper
Mississippi Embayment to investigate deep structure.

2. Quantitative geomorphic study of stream profiles in the southeastern part
of the Ozark Mountains.

3. Interpretation of seismic-reflection data recorded on the Mississippi
River.

4, Analysis of level line data in the upper Mississippi Embayment and
environs.

5. Interpretation of two trenches excavated across the scarp of the Meers
fault in Comanche County, Okla., in conjunction with personnel from the
Oklahoma Geological Survey.

6. Interpretation of trench excavated near Blytheville, Ark., in 1982,

7. Analysis of high-resolution reflection data obtained across the Meers
fault.

8. Effects of earthquakes on two perennially boiling wells in the Long
Valley caldera, Monc County, Calif.

9. Analyses of seismological data from China.

10. Regional studies.
Results

1. Reprocessing of field tape records of seismic-reflection profiles to 11 s
two-way traveltime has been completed on four profiles (Dwyer, 1985). An
open-file report on them has been technically reviewed. Two abstracts
have been published (Dwyer and Harding, 1985; Harding, 1985).

2. A draft report entitled "Analysis of stream-profile data for the eastern

Ozark Mountains region and their geologic implications," by F. A.
McKeown, M. J. Cecil, B. L. Askew, and M. B. McGrath, has been
technically reviewed and has been submitted to BCTR for publication as a
USGS Bulletin.
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The interpretation of part of the seismic-reflection data recorded on the
Mississippi River has been completed. (Crone and others, 1986)

Compilation and analysis of level line data for the upper Mississippi
Embayment and vicinity was completed by Richard Dart and an open-file
report is ready for technical review.

The two trenches across the Meers fault indicate that the scarp was
formed by a reverse fault that dips to the northeast in the shallow
subsurface. Nearly all of the deformation in the alluvium is
accomplished by warping and flexing with only a small component of
brittle deformation. Stratigraphic units in the trenches have a net
vertical throw of more than 3 m. Radiocarbon age dates of samples from
each of the trenches indicate that the last faulting event is younger
than 1,500 yr B.P.

Recent additional field studies have shown strong evidence that
recent displacements on the Meers fault include a large component of
lateral slip. Further analysis of the data will hopefully clarify the
amount and timing of late Quaternary slip events.

The trench, excavated across prominent linear features in the
Blytheville, Ark., area of the New Madrid seismic zone, failed to expose
any near-surface faults but did reveal numerous liquefaction-induced
sandblows that were probably produced by the 1811-1812 earthquakes. A
report describing the results of the trenching study has been prepared
(Haller and Crone, 1986).

A short, high-resolution seismic-reflection line was conducted across the
Meers fault in Oklahoma. This data has been processed and shows a fault
at approximately 271 m in depth which can be connected to the surface
faulting. This fault has a displacement of about 30 m (Harding, 1985).

Temperature logs obtained in Chance No. 1 (south moat of the Long Valley
caldera, Mono County, Calif.) in 1976, 1982, 1983, and 1985 show a
progressive cooling in the uncased part of the hole. Examination of the
rate of change suggests that the cooling began to accelerate about the
time of the strong earthquakes of May 1980 (Diment and Urban, 1985).
Temperature logs from Mammoth No. 1 (near Casa Diablo Hot Springs, 3 km
west of Chance No. 1) obtained in 1979, 1982, and 1983 are also being
processed and examined for seismically induced phenomena (Urban and
Diment, 1984; 1985).

Under the Chinese-American Cooperative Earth Sciences Program, K. A.
Shedlock and her colleagues from MIT and The Peoples Republic of China
have conducted extensive studies of the nature, evolution, and seismicity
of several intraplate basins China (Hellinger and others, 1985; Shedlock
and others, 1985; Shedlock and Roecker, 1985). These studies are
applicable to the better understanding of similar regimes in the United
States.
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10. L. C. Pakiser and W. D. Mooney perceived the need for the summary/review
volume: "Geophysical framework of the Continental United States." A
conference was held in Golden between March 17 and 20, 1986 and 24 papers
were presenﬁed. Manuscripts for review are due in early spring. GSA has
agreed to publish the product in their Memoir series.

Pakiser (1985) completed a review of seismic exploration of the
crust and upper mantle in the Basin and Range Province.

Reports

Crone, A. J., Harding, S. T., Russ, D. P., and Shedlock, K. M., 1986, Seismic-
reflection profiles of the New Madrid seismic zone--Data along the
Mississippi River near Caruthersville, Missouri: U.S. Geological Survey
Miscellaneous Field Studies Map MF-1863 [in press]

Diment, W. H., and Urban, T. C., 1985, Temperature variations with time in a
perennially boiling well in the Long Valley caldera, Mono County,
California: Observations in Change No. 1 (1976-83): Geothermal
Resources Council Transactions, v. 9, part 1, p. 417-422,

Dwyer, Ruth-Ann, 1985, Seismic-reflection investigation of the New Madrid rift
zone near Caruthersville, Missouri: Golden, Colo., Colorado School of
Mines, Master's Thesis T-3159, 108 p.

Dwyer, R. A., and Harding, S. T., 1985, Mid-crustal seismic reflections from
part of the New Madrid seismic zone: Earthquake Notes, v. 56, p. 26.

1985, Miderustal fault in the New Madrid seismic zone as interpreted
from seismic-reflection data: Earthquake Notes, v. 56, p. T72.

Haller, K. M., and Crone, A. J., 1986, Log of an exploratory trench in the New
Madrid seismic zone near Blytheville, Arkansas: U.S. Geological Survey
Miscellaneous Field Studies Map MF-1858 [in press]

Harding, S. T., 1985, Preliminary results of a high-resolution reflection
survey across the Meers Fault, Comanche County, Oklahoma: Earthquake
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Harding, S. T., 1985, The use of seismic-reflection data to interpret the
earthquake history associated with intracratonic earthquakes: Society of
Exploration Geophysicists, Expanded Abstracts, 55th Annual International
Meeting, p. 188.

Hellinger, S. J., Shedlock, K. M., Sclater, J. G., and Ye, Hong, 1985, The
Cenozoic evolution of the North China Basin: Tectonies, v. 4, p. 343~
358.

Madole, R. F., and Rubin, Meyer, 1985, Holocene movement on the Meers fault,
southwest Oklahoma: Earthquake Notes, v. 56, p. 1.

Pakiser, L. C., 1985, Seismic exploration of the crust and upper mantle of the

Basin and Range province: Geological Society of America, Centennial
Special Volume 1, p. 453-469,
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Investigation of Seismic-Wave Propagation for
Determination of Crustal Structure

9950-01896

Samuel T. Harding
Branch of Engineering Geology and Tectonics
U.S. Geological Survey, MS 966
Denver Federal Center, Box 25046
Denver, CO 80225
(303) 236-1572

Investigations

1.
2.

3.

Processing and interpreting seismic-reflection lines from Charleston, S.C.
Interpreting data gathered from the Crater Flat, Nev.

Investigating and processing high-resolution seismic-reflection lines for
the following:

(a) Breccia pipes at the south rim of the Grand Canyon, Ariz.

(b) Line connecting VH-1 to VH-2 then west across Crater Flat, Nev.
(¢) Line through Tarantula Canyon and east across Crater Flat, Nev.
(d) Line east of Lathrop Well, Nev., along old railroad grade.

(e) Line across Sevier Valley south of Aurora, Utah.

Results

1.

Three areas near Charleston, S.C., were surveyed using high-resolution
seismic-reflection methods to investigate faulting in the uppermost
sediments of the Coastal Plain and to investigate tectonic significance of
variations in the thickness of shallow sedimentary units. The first
survey crossed the Gants(?) fault and coincided with a lower resolution
VPISU Vibroseis line. The high-resolution survey showed reverse
displacement on a fault with an apparent north dip of 70°, extending from
130- to 680-m depth. Vertical fault displacement was 20 m at 130-m depth
and 40 m at 680-m depth, consistent with VPISU results. The reflection
data and two 200-m deep wells showed unconformable middle Eocene sediments
thickening by 100 m from the fault's downthrown side and its upthrown
side. This thickening occurred within a filled channel and had no
apparent tectonic significance. In the second survey, two lines were run
north-south and eastwest near Hollywood, where there was extensive
liquefaction and an exposed small reverse fault. A south-dipping reverse
fault was found on the north-south line. The fault could be traced to
within 212 m of the surface where it had a vertical displacement of

10 m. The east-west line did not intersect this fault. The exposed fault
had no apparent expression at depth. A third survey was run north-west
from Fort Dorchester for 2.4 km into the postulated Ashley River fault
zone. No significant faulting was seen on this line.

As part of the NNWSI program to assess the seismic hazard to the planned

Nevada nuclear-waste facilities, two high-resolution seismic-reflection
surveys were conducted across two scarps near Beatty, Nev., by employing
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the Mini-Sosie high-resolution seismic-reflection technique. The first
survey was run across the scarp mapped as the Beatty fault. The site was
approximately 6 km south of the town of Beatty. Reflection profiles from
this site indicated no evidence of faulting that could be correlated with
the scarp. The second survey was located across a prominent down-to-the-
west fault scarp on the east side of Crater Fiat approximately 26 km
southeast of Beatty. The resulting profile had only one distinct
reflector that could be carried along the length of the section. This
reflector was interpreted to be complexly faulted. A major, nearly
vertical fault was projected to the surface fault scarp. This fault
(located east of the fault scarp) appeared on a reflector at 160-m

depth. This fault, if associated with the scarp, represents a strike-slip
fault or a reverse fault, or perhaps a combination of the two . No hint
of normal faulting could be seen from the collected data that could be
associated with the fault scarp.

Still processing breccia-pipe, Crater Flat, Tarantula Canyon, and Sevier
Valley data.

Report

Harding, S. T., and Stewart, R. M., 1986, High-resolution seismic-reflection

surveys near Charleston, South Carolina: Earthquake Notes, v. 57, no. 1,
p. 17.

Harding, S. T., Preliminary results of high-resolution seismic-reflection

survey conducted across the Beatty scarp, Beatty, Nevada, and Crater Flat
scarp, Nevada: U.S. Geological Survey Bulletin. (Branch approval 8/85)

Swadley, W. C., Yount, J. C., and Harding, S. T., Reinterpretation of the

Beatty scarp: U.S. Geological Survey Bulletin. (Branch approval 9/85)

Whitney, S. W., Shroba, R. R., Simond, F. W., and Harding, S. T., Recurrent

Quaternary movement on the Windy Wash fault, Nye County Nevada:
Geological Society of America Abstracts with Programs. (Branch approval
1/86)
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Analysis of Earthquake Data from the Greater Los Angeles Basin
and Ad jacent Offshore Area, Southern California

#14-08-0001-G~1158

Egill Hauksson
Ta-liang Teng
Geoffrey Saldivar
Center for Earth Sciences
University of Southern California
Los Angeles, CA 90089-0741
(213) 743-7007

INVESTIGATIONS

Analyze earthquake data recorded by the USC and CIT/USGS networks during
the last 12 years in the Los Angeles basin to improve earthquake locations
including depth and to determine the detailed patterns of faulting in the
study region. A study of the 1930 Santa Monica (M=5.2) and the 1979 Malibu
(M=5.0) mainshock—-aftershock sequences has been completed.

RESULTS

Two moderate~sized earthquakes, the 1930 Santa Monica and the 1979 Malibu
earthquake, of magnitude 5.1 and 5.0 have been reported in the Santa Monica
Bay, southern California. We have studied these two mainshock-aftershock
sequences and the results are presented in a paper by Hauksson and Saldivar
(1986). In the paper we show that the 1979 Malibu (M;=5.0) mainshock-
aftershock sequence probably occurred on the eastern end of the Anacapa-Dume
fault. The Santa Monica earthquake (M;=5.1) that occurred August 31, 1930 was
relocated using station delays calculated with the 1979 data set. The
relocated 1930 epicenter 1is located near the western end of the Santa Monica
fault (Figure 1). The 1979 and 1930 mainshocks thus can be interpreted to
define a 6-8 km north-south offset between the Anacapa-Dume and Santa Monica
faults. Documenting the segmentation of these two fault systems is important
because the lateral offset suggests that they are unlikely to rupture
simultaneously in one large earthquake.

We have shown that the Santa Monica Bay 1930 and 1979 mainshock-
aftershock sequences are associated with the west—trending reverse faults
along the southern margin of the Transverse Ranges. Two very different styles
of faulting and crustal deformation occur in Santa Monica Bay. The frontal
fault system of the Transverse Ranges, which show predominantly reverse
faulting strikes east-west along the northern edge of Santa Monica Bay (Figure
2). In the southern and western part of Santa Monica Bay the tectonic
deformation is characterized by right-lateral strike-slip faulting and in some
cases reverse faulting along north-northwest-trending faults. Since the Bay
is covered by sediments that are being traunsported out to the Santa Monica
basin, the intersection of the west-trending and the north-northwest—-trending
faults in Santa Monica Bay remains poorly understood. Understanding the
relationships between the onshore and offshore faults is necessary to
quantify seismic hazards in the Los Angeles basin. The offshore faults
constitute special hazards to coastal development through surface rupture,
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seismic shaking, ground failure and in rare cases tsunamis.

REPORTS

Saldivar, G., E. Hauksson and T. L. Teng, The Malibu Earthquake (M=5.0) and
Its Aftershock Sequence, Southern California, January, 1979, EOS Trans. Amer.
Geophys. Union, 66, 953, 1985.

Hauksson, E., Constraints on the Velocity Structure of the Crust in the Los
Angeles Basin and the Central Transverse Ranges, Southern California,
EOS Trans. Amer. Geophys. Union, 66, 973, 1985.

Hauksson, E. and G. Saldivar, The 1930 Santa Monica and the 1979 Malibu,
California, Earthquakes, submitted to BSSA, April 1986.

Hauksson, E., T. L. Teng and G. Saldivar, Analysis of Earthquake Data from
the Greater Los Angeles Basin and Adjacent Offshore Area, Southern California,

U.S.C. Annual Technical Report #86-5, prepared for the U.S.G.S., 31 pp.,
1986.

st-85-363
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Seismic Source Characteristics of Western States Earthquakes

Contract No. 14-08-0001-21912
Donald V. Helmberger

Seismological Laboratory,
California Institute of Technology
Pasadena, California 91125
(818)-356-6998

Investigation

A program of continuing study on the characteristics of pre and post - 1962 U. S.
earthquakes is progressing. It is based primarily on some recent advances in wave-
propagational codes for laterally varying Earth models. Structures with arbitrary varia-
tions in two dimensions can now be handled with double-couple type excitations. More
precise Green’s functions lead directly to a clearer picture of detailed source properties.
Four major tasks will be addressed in the next few years, namely;

1.) Extended analysis of low gain (strong motion) recordings of earthquakes to
fix the depths of main energy release.

2.) Analysis of body waves at all ranges using direct inversion for fixed earth
models and application of the intercorrelation method to measure differences
between events and develop master events per region.

3.) Analysis of historic events (pre 1962) using same methods (masters) but on a
more regional basis.

4.) Reassessment of events with sparsely recorded strong motions using more
accurate Green’s functions computed from laterally varying earth models.

Results

A large scale data collection effort of WWSSN and LRSM records is in progress
along with waveform inversion for source parameters. The results for representative
events was discussed in the last USGS open-file report 86-31. In this report, we briefly
discuss the behavior of locally trapped surface waves generated by the San Fernando
earthquake.

To treat the complex geology associated with the Los Angeles region, we have
developed a fourth-order finite-difference code to generate synthetic strong motions for
double-couple sources in elastic media (Vidale et. al., 1985). In the first step we assume
a line source running through the source region aligned parallel to the long axis of a
basin or geologic structure which is idealized to be infinite in length. A ‘“near field” line
excitation is applied such that it produces SH, P and SV vertical radiation patterns com-
patible with analytic asymptotic dislocation theory. Next, a line-to-point source
transformation is applied to the finite-difference results which produces the familiar
point source Green’s functions. In general, synthetic motion generated by this procedure
agree well with those generated by other methods for simple layered models. Results
appropriate for the complex but approximately two-dimensional geological structure
associated with the San Fernando earthquake are presented in Figure 1. Liu and Heaton
(1984) collected strong-motion records from the 11 stations marked by solid triangles in
the upper portion of Figure 1. Panel (a) displays the two-dimensional cross-section
through the structure from North-to-South derived from the study by Duke et. al.
(1978). The transverse components of the data set discussed by Liu and Heaton (1985)
are displayed in (b). Note that L166, D068, and D057 are located on hard rock sites in
or near the Santa Monica Mountains (see Hanks, 1975) and are amazingly similar in
waveshape and amplitude.
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Normalizing the motions in waveshapes and amplitude to DOG8 produces the com-
parison in Figure 1. The over-all agreement is quite good and a substantial improve-
ment over flat-layered predictions is apparent, especially in amplitude, see Figure lc.
Comparable results for the vertical and radial components are given in Vidale and Helm-
berger (1986).

A more detailed cross-section displaying the layered structure is given in Figure 2
along with a complete record section in the lower panel. The role of the sloping sides of
the basin is to either create or destroy surface waves. When shooting down dip (L.A.
basin) the seismic rays are trapped by the sloping structure while the reverse is true for
the rays approaching the Santa Monica ridge, see Vidale and Helmberger (1985).
Numerical experiments indicate that only deep sources, greater than 8 km, excite surface
waves in the L. A. basin with direct S body waves, as is observed in the data. Shallower
sources would tend to excite large surface waves in the San Fernando basin which would
spill over into the L. A. basin and overwhelm the direct S induced surface waves.
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Figure 2: The upper panel contains the cross-section geometry where the velocities
range from; .6, 1.4, 1.8, 3.4, 4.0 km/sec from top to bottom. The lower panel

contains the record section for the source located at a depth of 10 km.
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Goals

1. Perform research on the earthquake process in the New Madrid
Seismic Zone to delineate the active tectonic processes. 2. Perform
more general research relating to the problems of the eastern U. S.
earthquake process and of the nature of eastern U. S. earthquakes com-
pared to western U. S. earthquakes.

Investigations

1. A reinvestigation of spectral scaling of earthquakes in the Central
Mississippi Valley Seismic zone is underway. Care is being taken to
determine a corner frequency versus seismic moment scaling which is
obtained from vertical component Lg recordings that have been corrected
properly for anelastic attenuation.

2. Surface waves of the January 31, 1986 Cleveland, Ohio earthquake are
being studied. Preliminary results points to a strike-slip focal mechan-
ism, with one nodal plane striking approximately north-south, a depth of
8 km, and a seismic moment of about 1.0E+23 dyne-cm. Recent acquisition
of Canadian long-period data will refine the strike and depth estimates.
An attempt will be made to model the strong motion records of the main
shock.

Results

Two papers were given at the 1986 SSA meeting at Charleston, South
Carolina, on Lg spectral scaling. This work is being performed by C.
Carr and C. Finn. Figure 1 presents preliminary results. The solid curve
outlines the corner frequency — seismic moment estimates based on short
distance observations made by the USGS in the eastern and western United
States (Harr et al, 1986). The symbols in Figure 1 indicate our determi-
nations using earthquakes within the Central Mississippi Valley Regional
Seismic Network (local P, local S), events immediately outside the net-
work at distances of 250 - 300 km (Arkansas P and Arkansas Lg), central
Mississippi Valley Seismic Network estimates of the 1983 Goodnow, New
York earthquake (at a distance of 1000 km), and estimates using the ECTN
recordings of the 1982 Miramichi earthquakes. With the exception of the
Miramichi values which are station averages, the other estimates are
individual station estimates. Variability is seen in the New York data
set. All data are corrected for a frequency dependent Q operator. Con-
trary to the point made by Haar et al, (1986), the Lg estimates match

69



I-2

the short distance estimates well.

We conclude that Lg can be used to estimate source properties and
also agree with previous statements by Haar et al (1986) that the earth-
quake process in the eastern U. S. is similar to that in the western U.
S.

REFERENCES
Haar, L. C., C. S. Mueller, J. B. Fletcher, and D. M. Boore (1986).
Comments on ''Some Recent Lg Phase Displacement Spectral Densities
and their Implications with Respect to Prediction of Ground Motions
in Eastern North America," Bull. Seism. Soc. Am 76, 291-296.
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Investigations

1.

Preparation of a geologic map of the Klamath Mountains and adjacent areas,
California and Oregon (scale 1:500,000) for purposes of tectonic analysis
of the region.

2. Continued preparation of a geologic map of the Redding 2-degree sheet,
California (scale 1:250,000), in collaboration with J.P. Albers and others.

3. Paleomagnetic study to determine the rotational and translational
histories of the accreted terranes of northern California, in
collaboration with E.A. Mankinen and C.S. Gromme.

4. Extensional tectonics of northern California, in collaboration with
R.A. Schweickert.

5. Study of some geologic features related to the San Andreas fault in the
Parkfield area.

6. Survey of the literature preparatory to writing a chapter on plate
tectonic development for a multi-authored bulletin on the San Andreas
fault.

Results

Initial compilation of geologic data from the principal source maps is
virtually completed for the Klamath Mountains. The first-order units of
the compilation are the accreted terranes. These are subdivided into
various Paleozoic and Mesozoic lithogenetic units such as sedimentary
rocks, volcanic rocks, ophiolitic rocks, and preamalgamation (syngenetic)
plutons. Postamalgamation plutons are indicated separately. Overlap
sequences of post-Nevadan strata form the eastern boundary of the Klamath
Mountains province: the western boundary is a fault that juxtaposes the
rocks of the Klamath Mountains against post-Nevadan strata of the Coast
Ranges. Preparation of explanatory material is now underway.
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With its abundance of thrust-bounded terranes, the Klamath Mountains are
generally thought of as an example of Mesozoic convergence tectonics.
However, certain evidence now suggests the possibility that extensional
tectonics may have been important in the development of the Kiamath
Mountains during Tertiary time. Grabens and half grabens of Weaverville
Formation (Oligocene) are prominent along a NE-trending zone in the
southern part of the province. Some faults that form the grabens are
extraordinarily gently dipping. The La Grange fault dips 22 degrees SE
and has a remarkably well-developed mylonitic footwall surface. The trace
of the La Grange fault is fairly well aligned to the NE with a probable
fault boundary between the Trinity ultramafic sheet and the early
Paleozoic strata of the Redding section. Various factors including the
0ligocene age, the gently dipping normal faults, and the mylonitic
surfaces are reminiscent of the metamorphic core complexes of more
easterly parts of the Cordillera. This leads us to speculate that the
Trinity ultramafic sheet and associated metamorphic rocks may be the
equivalent of a metamorphic core complex, and the mylonitic surface of the
La Grange fault may be a detachment surface on which the Weaverville
Formation and Redding section have slid southeastward. Similarly,
northwestward sliding off the Trinity ultramafic sheet may account for the
stacked "thrust" plates of early Paleozoic rocks of the Yreka-Callahan
area.

Reports

Mankinen, E.A., Gromme, C.S., and Irwin, W.P., 1985, Paleomagnetic constraints
on the accretionary history of the Klamath Mountains province, California
and Oregon [abs.]: Eos (American Geophysical Union Transactions), v. 66,
no. 46, p. 863.
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STUDIES OF QUATERNARY FAULTING THROUGH THE ANALYSIS

OF SMALL FAULTS AND FRACTURES, NORTH COASTAL CALIFORNIA

Contract no. 14-08-0001-22009

Harvey M. Kelsey
Department of Geology
Western Washington University
Bellingham, WA 98225

Gary A. Carver
Department of Geology
Humboldt State University
Arcata, CA 95521

Investigations

Numerous faults offset late Neogene (mainly Pleistocene) sediments along
the California coast in the vicinity of the Mendocino triple junction. These
faults are difficult to study because of uniformly poor exposure along the
fault trace. BAssociated with all fault traces is a zone of deformation consis-
ting of fracture sets and small faults. Detailed measurements of such fault-
associated deformation in late Neogene sediment, exposed in river banks and
road cuts, has substantial ly improved our understanding of Quaternary faulting.
To date, such detailed study has been done at three locations (fig. 1). Fault
traces shown on fig. 1 include both faults that demonstrably offset Plio-
Pleistocene sediments and the lineaments associated with the Maacama-
Garberville fault zone and the Eaton Roughs-Lake Mountain fault zone. Late
Quaternary landforms (ridgetop depressions, sag ponds, notched ridges), as well
as right lateral offset of distinctive Franciscan melange blocks, suggest these
lineaments are traces of faults with Quaternary offset.

Results

Analysis of fracture orientation has helped elucidate both individual
fault style and regional strain. Studies to date show a clear association
between the style of the major fault (thrust, strike slip) and the orientation
of fractures exposed in proximity to the fault zone.

For example, faults of the Mad River fault zone (MRfz) (Carver and others,
1983) in northern California all dip less than 40 degrees within 17 km of the
coast (Woodward Clyde Associates, 1980). Stereonets of poles to fractures in
close proximity (most cases within 200 m) to these low angle faults reveal a
conjugate pair of low angle fractures (fig. 2). The fractures probably
developed prior to, and during, initial rupture of the faults through the
overlying Pleistocene sediments. The fractures developed before substantial
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folding. Evidence for this observation is that unfolded beds near a fault
clearly show long angle conjugate fracture pairs and folded beds near a fault
show a similar fracture pattern only after fractures are rotated with bedding
as bedding is rotated back to horizontal.

A second example of structural analysis of fractures adjacent to a major
fault is deformation associated with the Lost Man fault north of Orick, Cali-
fornia (Kelsey and Cashman, 1983). Fractures were measured at six localities
in Gold Bluffs sediments adjacent to the fault. The fractures were invariably
high angle and formed a conjugate set. The Lost Man fault is a high angle
lateral fault based on outcrop pattern and on the strain ellipse deduced from
the nature of small folds and secondary faulting associated with the fractures
(Kelsey and Cashman, 1983).

The above examples suggest that high angle conjugate fractures are closely
associated with steeply dipping lateral faults. Low angle fractures appear to
be associated with thrust and reverse faults. High angle fractures may be
associated with low angle faults, and vice-versa, but they are a distinct
secondary population, if present.

Using the above analysis, we suggest that fracture measurement in sedi-
ments adjacent to a poorly exposed fault can indicate the dip of the fault and
its movement style. Fracture/small fault patterns exhibit either conjugate
symmetry (plane strain) or orthorhombic symmetry (non-plane strainj. Though
quantitative analysis of the fractures in terms of deducing principal strain
axes is not yet accomplished, such analysis is probably feasible and will be
carried by using the techniques of Reches and Dieterich (1983) and Krantz
(1986). At this point, however, we note the consistent fracture-fault
association in the field and suggest it is a useful tool to analyse recent
faulting characteristics in areas of poor exposure.

Using the above techniques, fracture measurements can be used to document
changes in structural style along a fault as it bends. For example, the low
angle reverse and thrust faults of the Mad River fault zone (MRfz) (fig. 2)
near the coast become less well exposed as the zone trends to the southeast
vhere it merges with the NNW-trending Eaton Roughs fault zone (Kelsey and
Al lwardt, 1983). The Eaton Roughs fault zone is defined by offset mega-blocks
of sandstone and by numerous undrained depressions and instances of unstable
ground which together define a straight trace for 66 km to the south-southeast
(Kelsey and Al lwardt, 1983) (fig. 1). Of interest is the tectonic transition
at the bend in the Eaton Roughs-Mad River fault zones near Maple Creek (fig.
2). Systematic fracture measurements in the offset Pleistocene sediments at
sites starting near the coast and going inland along the fault toward the fault
bend show that fractures change from near horizontal to vertical near the bend
(fig. 2). Fracture-fault associations lead to the interpretation that faults
of the Mad River zone steepen toward the bend and the faults become part of the
high angle Eaton Roughs fault zone to the SSE of the fault bend. Fracture
measurement has therefore helped elucidate the nature of the transition between
a coastal contractile zone and an inland lateral zone. In this case, the
dextral motion of the Eaton Roughsfault is, in part, transferred to low angle
thrust motion along the Mad River fault zone.

Fracture-fault association can also be used as a means to decipher con-
trasting style and relative age of two faults. The faulted Neogene sediments
near Garberville, California (location 3 in fig. 1) provided a field example of
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this technique. The Garberville sediments are bounded on the northeast by the
Dean Creek fault, and on the southwest the sediments are in depositional con-
tact with the Franciscan and this contact is offset along the Garberville fault
(fig. 3). Youngest sediments at Garberville are probably early Pleistocene,
though most of the unit is Miocene (J. Menack, oral communication, 1985). The
Garbervil le fault appears to trend south-southeast along a well defined linea-
ment toward Laytonvil le where it connects with the northernmost mapped traces
of the Maacama fault zone (Upp, 1982). The dip of the Garberville fault near
Garberville and its relation to the Dean Creek fault are uncertain. A possible
explanation for these uncertainties is provided by fracture measurements at
sites adjacent to each of these faults (fig. 3).

Fractures associated with the Dean Creek fault are low angle and sugges-
tive of a conjugate pair. The conjugate symmetry is only apparent after frac-
tures have been rotated with bedding as bedding is rotated back to horizontal.
The Dean Creek fault pattern is less clear than for the thrust faults of the
MRfz because the Garbervil le sediments are older and have subsequently
experienced a different stress regime. However, it appears the Dean Creek
fault is low angle, perhaps a thrust, and initial faulting pre-dates folding.

Fractures at measurement sites adjacent to the Garberville fault are (with
one exception) uniformly high angle (fig. 3). For the Garberville fault,
fracture rotation with bedding to the horizontal only creates a confusing
mixture of high and low angle fracture. In other words, there is no compelling
reason to believe these fractures occurred prior to folding.

Preliminary conclusions for Garbervil le data are that the low angle frac-
tures near the Dean Creek fault formed early (prior to and during initial
folding), and the high angle fractures, associated with the Garberville fault,
formed later (after folding). The Dean Creek fault records an episode of SW-NE
contraction of the Neogene sediments and the Garberville fault is a later
strike slip structure, presumably active today. The Garberville fault post-
dates folding in the Neogene sediments. The Dean Creek fault may or may not be
active-~it could rupture under present right lateral shear, but it appears to
have formed under a quite different tectonic regime. This tectonic regime may
be coincident with a location of the Mendocino Triple Junction (MTJ) due west
or southwest offshore, when the San Andreas fault zone terminated well to the
south of Garberville. Plate reconstructions suggest this occurred 4-8 my ago
(Engebretson and others, 1985). Therefore, fracture analysis has indicated
relative ages for these faults and the analysis suggests the Dean Creek fault
was formed prior to the passage of the MTJ and thus is less likely to be
presently active.
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Figure 3. Stereonet plots of poles to small faults and fractures for 7 sites
along the faulted margins of the late Neogene sedimentary unit (Tg) near
Garberville, California. Pole densities are contoured for sites with more
than 80 measurements. Contours are 1, 2.5, 5, 7.5, and 10% per 1% area. The
upper 3 stereonets show low angle conjugate fractures associated with the Dean
Creek Fault and the lower 4 stereonets show generally high angle, in same
instances conjugate, fractures associated with the Maacama-Garberville fault
zones.
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Figure 2.

Stereonet plots of poles to small faults and fractures along the NW
trend of the Mad River fault zone (MRfz) and along the transition from the MRfz
to the NNW-trending Eaton Roughs fault zone. Pole densities are contoured for

sites with more than 80 measurements.

1% area.

Contours are 1, 2.5, 5, 7.5, and 10% per
The western set of plots show the low angle, conjugate fractures typical
of deformation near the thrust and low angle reverse faults of the MRfz.

The
eastern set of plots show the high angle fractures typical along the steeply dip-
ping Eaton Roughs-Lake Mountain fault zone.
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Figure 1. Tectonic map of north coastal California from the latitude of
Laytonville north to the mouth of the Klamath River. Mapped faults and
Quaternary-age lineaments (see text) from Jennings (1977); Woodward-Clyde
(1980) ; Carver and others (1983); and Kelsey (unpublished mapping). Site

1 is a field area for data in Kelsey and Cashman (1983). Sites 2 and 3 are
figs. 2 and 3 respectively of this report. E = Eureka; G = Garberville;
LM= Lake Mountain.
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Prediction Methodology for Subduction Zone Earthquakes
Central Aleutian Islands

Grant Numbers 14-08-0001-G-881/G-1099

Carl Kisslinger and Selena Billington
Cooperative Institute for Research in Environmental Sciences
Campus Box 449, University of Colorado
Boulder, Colorado 80309
(303) 492-6089

Research under these grants is directed toward the discovery of the physical basis for
predicting earthquakes in the main thrust portion of a typical island-arc subduction zone and
the development of methods for making such predictions. Recent work has been concentrated
on: investigation of the fine details of the time-space distribution of seismicity in the Adak
seismic zone; mapping of the stress distribution as revealed by the spectral characteristics of the
recorded microearthquakes; and application of synthetic seismograms to the improved analysis
of the digital data provided by the Central Aleutians Seismic Network. The period covered by
this report is October, 1985 - March 1986.

Seismicity in the Adak Zone, 1963-85.

A study of teleseismically-located Adak region earthquakes that was started as a test of
the validity of occurrence-rate fluctuations seen in the local network data has proven to be of
broader value and interest. By carefully manipulating the data to account, in an approximate
way, for mislocations due to lateral heterogeneity under the island arc, it has been possible to
isolate the fine details of occurrence rates in narrow N-S strips about 20 km wide, across the
seismic zone since 1963. A comparison of the teleseismic catalog (primarily PDE reports) and
the catalog based on the local network (m > 4.5 vs My > 2.3) since May, 1976, Figure 1, shows

remarkable agreement between the detailed occurrence rates in these strips, in spite of the vast
difference in the number of events in the two catalogues, for most of the strips. The deficiency
in earthquake numbers under Adak Canyon, interpreted as a deficiency in slip since 1971, and
the high rate of activity in the Delaroff block, to the west of Adak Canyon, and in subregion
SW2, the activated asperity we have discussed frequently in the past, have been made more
quantitative by this analysis. The disagreements between local and teleseismic occurrence rates
in a few strips are interpreted as real differences in b-values in these locations. The principal
conclusion relevant to the long-range objectives of this research is that our previous findings
that Adak Canyon is a likely place for a strong earthquake, M7 or larger, in the near future, is

still valid, even though the specific prediction for fall, 1985, was a failure. SW2 remains a
strongly activated site along the thrust zone, in sharp contrast to the reduced activity in adja-
cent areas.

It is desirable to convert the numbers of earthquakes into values of seismic slip on the
main thrust zone within each of the narrow strips. A major step toward this goal has been
achieved by the establishment of empirical relations between magnitude and the seismic
moment, average displacement, and source dimension of earthquakes over the magnitude 2 to 6
range. This was done by combining results on seismic moments and fault plane areas to derive
average displacements, and using a simple source model (Brune’s) to get estimates of the fault
dimensions. Moments for the larger events, my 5.2 to 5.8, are reported for several Adak events

in the PDE monthly reports. Fault areas for these events were estimated from our local
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seismicity maps and vertical sections, on which the aftershocks are quite well located. These
values for the small events, My, 1.6-3.5, were taken from a data set compiled for other investiga-

tions by F. Scherbaum, who used the spectra of the microearthquakes. Two correlations were
made. In one, the equivalent Wood-Anderson magnitude, as calculated by Scherbaum, was
used for the small events, and the my’s given by the USGS for the large ones. In the other set

of correlations, Mp was used for the small events (actually Mp + 0.5 was used, as this correc-

tion has been found in previous work to make the duration magnitudes more nearly in agree-
ment with body-wave magnitudes in the range of overlap). It was gratifying to see that these
two totally independent data sets, covering four orders of earthquake magnitude, gave results
that lined up very well. The results, which will be very useful in future work, are:

Using My, , for the microearthquakes:
logM_(Nt-m) = (7.929+ 0.247) + (1.709+ 0.087)M
logD(cm) = (—3.33+ 0.149) + (0.751% 0.0.04)M

logL(m) = 1.333 + 0.48M

Using My + 0.5 for the microearthquakes:
logM_(Nt-m) = (9.165+ 0.212) + (1.494+ 0.062)M

logD(cm) = (—2.789+ 0.144) + (0.655+ 0.042)M

logL(m) = 1.680 + 0.42M

where M is the seismic moment, D is the average slip in the earthquake, L is twice the radius

of a circle with the area of the fault plane (taken as representing the dimensions of the slipped
area), M is either My or Mp + 0.5 for events up to My, 3.5 or my for events greater than 4.5.

If the regression of M on M _ is calculated, the results are:
M = (-8.488+ 0.32) + (0.574% 0.222)log M_(Nt:m) for My,

and
M = (-5.942+ 0.387) + (0.656+ 0.027)log MO(Nt‘m) for MD + 0.5

These, especially the second, are found to be in close agreement with the magnitude-moment
relation suggested by Kanamori and Hanks in 1979,

M = -6.03 +% log M

The task remains to use these relations to derive seismic slip rates in the 20 km wide strips dur-
ing the past ten years. The larger events obviously dominate the behavior, as the average slips
contributed by the microearthquakes are several orders of magnitude smaller.

One important conclusion of this work so far is that the lumping of seismicity rates with a
region even as small as the 250 km segment of the Aleutian arc covered by our network may
conceal more information than it reveals, because of offsetting effects of quiescience and activa-
tion in small subregions within the zone.
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Stress Mapping from Microearthquake Spectral Data.

An on-going task is the systematic mapping of the stress state across the Adak zone on the
basis of the spectral characteristic of the numerous earthquakes. This is a labor-intensive pro-
ject that is progressing steadily. The easternmost sector has been done, with no indications of
clear anomalous sites, nor any clear indications of changing distribution of stresses during the
eight months prior to a swarm of m; 4.2—4.8 events on August 23, 1985. This eastern zone is

covered rather poorly by the network and the current work on the central part of the zone has
the benefit of a far larger number of events from which to work.

Synthetic Seismogram Studies.

A new program of improving the interpretation of the Adak network seismograms by com-
paring them with synthetic seismograms based on the Adak velocity and Q model was started
during the period covered by this report. Three research areas will benefit from this effort:
seismotectonic studies based on focal mechanisms and stress orientations; studies of wave propa-
gation characteristics of direct, reflected and converted phases; and the studies of stress from the
spectra of the observed waves. Experiments on synthetic seismograms with known source
parameters have gone far toward explaining the difficulties that have been encountered in using
S/P amplitude data for focal mechanism studies. These synthetics have shown how difficult it
is to separate the direct S arrival from several strong phases produced by P and S conversions
along the path, Figure 2.

These results also show that the S-wave spectra that are used for apparent stress and
stress drop determinations are almost certainly contaminated by other arrivals, though the
problem is certainly less severe on the horizontal components if the synthetics calculated so far
are at all representative of reality.

Now that we are aware of the problem, we are using phase isolaton and polarization filter-
ing techniques to further explore the feasibility of identifying the true S arrival.

The routine use of synthetic seismograms for modelling observed seismograms in different
frequency bands allows the isolation of the effects of the source spectrum from the effects of the
medium through which the waves travel. lterative procedures will allow the improvement of
the velocity and Q models as Green’s function response, which will yield more robust inversion
of the seismograms for source properties. This refinement will offer more support to the spectral
studies of stress distribution and the transfer of stress along the seismic zone by moderate-
energy earthquakes.
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Figure 1. Comparison of seismicity for 1976-1985 in 20 km wide strips along the Adak Seismic
Zone. Ny is the cumulative number of events, the shading used to indicate each year is indi-

cated on the left. Aftershocks and swarms have been purged and the indicated magnitude cut-
off aplied to each catalog to insure completeness of reporting. The depth cutoff for PDE events
was chosen to compensate for the systematically too-great depths computed for Aleutian hypo-
centers. Except for one strip in the Central subregion, in which the small events are very
numerous (high b-value), the agreement between the two independent data sets is remarkable.
The very low level of activity at all magnitudes in Adak Canyon in recent years is seen, as well
as the high rate of moderate earthquakes in SW2.
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Figure 2. Synthetic vertical component velocity seismograms for an event south of
Adak Island, computed for the standard Adak velocity model and an assumed composite
focal mechanism. No source spectrum or instrument response function has been
included. The reduced P and S arrival times calculated from the velocity model are
superimposed across the suite of seismograms. The predicted complexity in the neigh-
borhood of the direct S-wave arrival is obvious even for this preliminary simplified exam-
ple.
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Waveform Analysis of New Brunswick
Earthquake Aftershock Data

14-08-0001-22065

C.A. Langston
440 Deike Building
Department of Geosciences
The Pennsylvania State University
University Park, PA 16802
(814) 865-0083

Investigations

1.

Obtain and process digital data for aftershocks of the 1982
Miramichi earthquake.

2. Analyze the waveform data for wave propagation effects
which may be important in the inversion of source parameters.

3. Develop and implement a master event inversion technique to
determine relative and absolute source parameters for the
Miramichi aftershocks.

Results

1. Waveform data have been obtained from the U.S5.G.S. and have

o

been corrected for instrument response and rotated for use in
the waveform analysis for both structure and source
parameters.

An analysis of site effects is being carried out to determine
the effect of near-receiver structure on waveforms. This is
being done using the P particle motion from a number of well
recorded aftershocks. Results show that although aftershocks
vary in source mechanism, the vector particle motion of the P
arrival is often coherent for events recorded at the same
station. This suggests that near-surface receiver structure
has a significant effect on the recorded P waveforms. A
resonance feature is seen which commonly dominates the
wavetrain with P reverberations existing on the vertical
components and P to S conversions prominent on the radial
components. Synthetic seismograms computed using the
propagator matrix method indicate that a thin low velocity
layer corresponding to unconsolidated glacial till is located
directly beneath the receivers. Attenuation effects in the
thin layer must be included in the computation of the
synthetics in order to match amplitude ratios and the
relatively longer period of the waveforms on the radial
components. The low @ implied by the data is a surprising
result and suggests that the "direct” shear waves undergo
significant attenuation near the receiver which will then
bias kinematic and dynamic source parameters determined from
the shear wave data.
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3. Theory for the inversion algorithm is being developed. The
neccessary computer code is currently being written.

Reports

Williams, David E. and Charles A. Langston (1986). Receiver
structure inferred from locally recorded aftershocks of

the January 9, 1982 Miramichi, New Brunswick earthquake
(Abstract), Trans. A.G.U., 67, 306.
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Geologic and engineering studies, Charleston, South Carolina
9950-03868

Stephen Obermeier and Gregory Gohn

926 National Center, Reston, VA

703-648-6791

Investigations undertaken: A field search for prehistoric sand
blows has been conducted throughout much of coastal South
Carolina, within a belt approximately 30 to 40 km wide that
parallels the ocean and extends from North Carolina to Georgia.
The search consisted almost exclusively of examining walls of
drainage canals, excavated at least 1.7 m deep. About 20 man-
weeks were required to locate and examine 12 new sites. About 5
man-weeks were spent collecting wood and humate-rich soil samples
that are to be used to age-date the sand blows at many widely
scattered sites.

Results obtained: Multiple generations of prehistoric sand
blows, interpreted as earthquake induced, have been discovered
thoughout coastal South Carolina (see fig. 1). These sand blows
extend far beyond 1886 earthquake-induced sand blows, in
sediments having approximately the same liquefaction
susceptibility based on sediment age and depositional setting.
The sesimic source zone for the prehistoric sand blows in
unknown. The different distributions of prehistoric and 1886
sand blows have two possible explanations: (1) moderate to
strong earthquakes originated in different seismic source
locations through time or (2) at least one earthquake much
stronger than the 1886 event also originated from the same
seismic source as the 1886 earthquake. Seismic source zones may
possibly be established only after age-dating sand blows from
many widely scattered sies.

Excavations into filled sand blow craters near Hollywood, S. C.,
have yielded abundant clasts of humate-impregnated sand and
sparse pieces of wood. Radiocarbon ages for the humate and wood
indicate that at least three prehistoric liquefaction-producing
earthquakes have occurred within the last 7,200 years. The
youngest prehistoric earthquake occurred around 800 A.D. The
average recurrence interval of liquefaction-producing events at
the Hollywood site appears to be less than 1800 years.
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BRA.

89



Reports:

1. Obermeier, S. F., Jacobson, R. B., Powars, 0. S., Weems, R.
E., Hallbick, D. C., Gohn, G. S., and Markewich, H. W., in press,
Holocene and late Pleistocene (?) earthquake-induced sand blows
in coastal South Carolina: Proceedings of the third national
conference on eathquake engineering, EERI, Charleston, S.C.,
August, 1986.

2. Weems, R. E., Obermeier, S. F., Pavich, M. J., Gohn, G. S.,
Rubin, M., Phipps, R. L., and Jacobson, R. B., in press, Evidence
for three moderate to large prehistoric Holocene earthquakes near
Charleston, S. C.: Proceedings of the third national conference
on earthquake engineering, EERI, Charleston, S. C., August, 1986.

3. Obermeier, S. F., Jacobson, R. B., Weems, R. E., and Gohn,

G. S., 1986, Holocene and late Pleistocene (?) earthquake-induced
sand blows in coastal South Carolina (abstract): Earthquake
Notes, Seismological Society of America, v. 57, no. 1, p. 17.
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Array Studies of Seismicity

9930-02106

David H. Oppenheimer
U.S. Geological Survey
Branch of Seismology
345 Middlefield Road, Mail Stop 977
Menlo Park, California 94025
(415) 323-8111, Ext. 2569

Investigations

1.

1,

Complete development and documentation of computer algorithms to compute
and display earthquake fault-plane solutions.

Complete manuscript on state of stress at The Geysers, California and
implications for mechanism of induced seismicity.

Begin search for earthquake doublets at Parkfield, California to
investigate whether "characteristic earthquake” concept can be extended to
earthquakes in magnitude range of 1 to 2.5. Examine waveforms of doublets
for temporal changes in crustal properties in the seismogenic zone.

Analyze main and aftershock sequence of the January 26, 1986 Tres Pinos
earthquake.

Results

Algorithms for computing and displaying double-couple earthquake fault
plane solutions from first motion polarities were completed. The
inversion is accomplished through a two-stage grid-search procedure that
finds the source model minimizing a normalized, weighted sum of first-
motion polarity discrepancies. Two optional weighting factors are
incorporated in the minimization: one reflecting the estimated variance
of the data, and one based on the absolute value of the theoretical P wave
radiation amplitude. The latter weighting gives greater (lesser) weight
to observations near radiation lobes (nodal planes). Multiple fault plane
solutions are reported for a given earthquake through detection of
discrete minimas in the coarse grid search procedure. The fault plane
solution uncertainties are computed as a function of the data uncertainty
and reported both as the uncertainty in the model parameters (strike, dip,
and rake) of the solution as well as those mechanisms for which the
solution misfit is less than the 95 percent confidence estimate of the
best solution. Both HYPO71 and HYPOINVERSE output are permitted as input
to the inversion. An Open-File Report which describes the inversion and
lists the source code and companion code for displaying the fault plane
solutions was completed.

A manuscript describing a study of the state of stress at The Geysers,

California was completed. The results of this study were discussed in the
previous semi-annual technical report and are only briefly summarized
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here. Inversion of 210 fault plane solutions at The Geysers shows that
the geothermal area is undergoing uniaxial extension in the ESE-WNW
direction, consistent with geodetic observations for the surrounding
region. Locally observed strains arising from contraction of the steam
field do not agree with the stress estimates, indicating that the regional
stress field dictates the sense of earthquake slip. The data are
equivocal as to demonstrating whether the earthquake activity is induced
due to conversion of aseismic to seismic slip, or to increased shear
stresses arising from reservoir contraction. The presence of large
depositional basins to the north-northeast of The Geysers, together with
extension at The Geysers suggests that the extension occurs over the
entire region between the Maacama and Bartlett Springs fault strike-slip
zones. It appears that the regional extension accounts for the
wide-spread presence of Quaternary volcanism in the Clear Lake area.

Phase data for earthquakes recorded at Parkfield, California were
assembled for the time period 5/70 through 3/86. Substantial efforts were
directed towards ensuring that the data set was complete and correct.
Algorithms for detection of temporal multiplets through comparison of
arrival time patterns at stations common to pairs of earthquakes were
applied to the data and dozens of potential earthquake doublets were
identified. Existing algorithms for computing spectral ratios, cross
spectra, covariance, and time delays of doublets were converted to a VMS
operating system, tested, documented, and modified to directly read the
CUSP digital seismograms. Current efforts are directed towards
verification of doublets identified on the basis of arrival time patterns
by waveform comparison and digitizing analog library data as necessary.

The M 5.3 Tres Pinos earthquake of 26 January 1986 ruptured a 9 km segment
of the Bradley fault SE of Hollister, CA and 7 km east of the Calaveras
fault zone. The main shock was preceded by 2.1 s with a M 4.1 foreshock.
The mainshock fault plane solution, constructed from P-wave first motions,
shows the slip plane oriented at an azimuth of NO7W and dipping 83 degrees
to the east. Over 300 earthquakes with M > 1.0 from the first six days of
the sequence were relocated using a one-dimensional velocity model
specifically developed for this region. Fault plane solutions for 101
earthquakes of M > 1.5 are virtually all dextral strike-slip on nearly
vertical planes with a few oblique-slip and dip-slip solutions for events
shallower than 5 km. A nearly vertical, curvilinear surface between 3 and
10 km depth is defined by the alignment of the main shock and surrounding
aftershock fault plane solutions. This surface is inferred to be the main
rupture surface of the Tres Pinos sequence. The dextral-slip planes along
this surface vary from a N45W strike at the northern end to a NOSW strike
(consistent with the main shock) at the southern extent of the aftershock
zone, To the northeast of this inferred main shock rupture surface and
paralleling it almost its entire length lies a diffuse zone of aftershocks
between 7-10 km depth. Fault plane solutions for earthquakes in this zone
exhibit dextral-slip, but the average strike of the inferred slip plane is
rotated clockwise relative to the aftershocks surrounding the main shock
and the trends of mapped faults. Deformation in this region appears to
occur by left-stepping echelon dextral shear distributed throughout a
volume, rather than by slip on a through-going fault. A comprehensive
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paper describing this work together with the results of field
investigations (Robert Rrown, Malcolm Clark, Katherine Harms, Robert
Wallace, Jon Galehouse), isoseismals (Carl Stover), strain (Malcolm
Johnston), creep (Sandra Schulz), strong motion (Gary Glassmoyer), and
hydrogen data (Moto Sato) is in preparation.

Regorts

Oppenheimer, D, H., 1986, Extensional tectonics at The Geysers geothermal area,
California, submitted to J. Geophys. Res.

Reasenberg, P., and Oppenheimer, D., 1985, FPFIT, FPPLOT, and FPPAGE: Fortran

computer programs for calculating and displaying earthquake fault-plane
solutions: U.S.G.S. Open-File Rep. 85-739, 109 p.
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Scattering and Q within the Anza Array
14-08-0001-G1182

John A. Orcutt
Institute of Geophysics and Planetary Physics (A-025)
Scripps Institution of Oceanography
La Jolla, California 92093
(619)452-2887

Objective: We are studying waveform data collected with the Anza Array in southern
California near the San Jacinto Fault, the location of a recognized seismic gap. The
research will investigate the coda of P and S waves, using complete synthetic
seismograms in vertically heterogeneous media in conjunction with the observations,
with the goal of understanding the waves' generation and the implications of their
temporal and frequency characteristics for the anelasticity and heterogeneity of the
crust. The use of solely vertically heterogeneous structures permit the incorporation of
strong scattering in the model as well as the very important effects of the velocity
structure and the presence of a free surface. The use of the high-quality, high dynamic
range digital data from Anza may permit the imposition of rough constraints on the
source mechanisms of small events in the region using the synthetics described
above. This research, involving an investigation of the nature of high frequency
earthquake coda, will lead to an evaluation of the proposed use of the inferred Quality
Factor for earthquake prediction.

Data Selection and Preliminary Analysis: We have undertaken the research for which
we were funded this past December. Figure 1 is a plot of earthquake epicenters for a
data set we have selected for further analysis, superimposed on a map of the Anza
Array. All the events plotted have moments in excess of 1019 dyne-cm. The events
are generally located within the array where hypocenter locations are quite reliable.
The time series for these events have been isolated in a separate database on the
IGPP computing ring and we intend to make the data available to other interested
parties in a variety of standard tape formats. The application of a wide variety of
techniques by a number of investigators would be invaluable. The signal-to-noise
ratios for these observations are quite good and, taken as a whole, the azimuthal
coverage for any given Anza Array station is quite good. Figure 2 is a representative
sample of these data.

The CRAY XMP/48 installed this past October at the San Diego Supercomputer
Center (SDSC) represents a new and powerful resource we intend to use in this
research. We have ported the wavenumber algorithm, including the facility for
frequency dependent Q, to the CRAY and have completed a thorough series of tests.
We will be using this computer for the synthetic calculations required by this research.
The additional computational power will permit substantially more complex synthetics
to be computed than those earlier anticipated when the proposal was initially written.

Mr. Tom Sereno will be completing his Ph.D. thesis on regional wave
propagation in the oceans this next month. He will begin working, with Prof. Orcutt, on
the project full time in June as a Post-Graduate Research Geophysicist.
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Figure 1. A map of the Anza Array area with epicenters plotted as dots. The triangles
represent stations and the San Jacinto and sub51d1ary faults are sketched for context.
All the epicenters have moments in excess of 10! dyne-cm.
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EARTHQUAKE RESEARCH IN THE WESTERN GREAT BASIN
Contract 14-08-0001-G1193

W.A. Peppin, E.J. Corbett, and U.R. Vetter
Seismological Laboratory
University of Nevada
Reno, NV 89557
(702) 784-4975

Investigations

This program supports continued studies with research focused on: (1)
seismotectonics of the White Mountains Gap; (2) magmatic processes in Long
Valley Caldera; (3) the UNR experimental digital network; (4) attenuation
changes in earthquake regions connected with volcanism; (5) relocations of
Mammoth Lakes earthquakes; (8) analysis of digital waveforms; and (7) digitiza-
tion of field tapes for a more detailed analysis of the 1978 Wheeler Crest earth-
quakes. During this contract period progress in each of these areas has been
made, and we summarize here only three recent efforts of perhaps greatest
interest to the readership of these summaries pertinent to items (1) and (2)
above.

Results

Relocations of 1978 Wheeler Crest Aftershocks

Recently Peppin and Honjas (1988) reported master-event relocations of
some of the aftershocks of the 1978 Wheeler Crest earthquake (Figure 1). These
earthquakes are of interest for the new information they might shed on the
nature of the 1978 October 4 mainshock {¥; 5.8). We combined data recorded
on analog and digital temporary stations deployed independently by UNR and
the USGS (left panel of Figure 1), using only the data that could be timed to a
precision of 0.02 second or better and not using, for example, the smoke-paper
records (in the belief that these can be timed to a precision not exceeding 0.05
second). A pseudo master-event scheme was used (because it was not possible
to find a sufficiently large earthquake set having common recording stations),
and the results, in agreement with Fuis and others {1979) and Somerville and
Peppin (1979), show a north-south trend of epicenters about 10 km long.

The interest in the 1978 earthquake centers around several facts: first, this
event initiated activity in the Mammoth Lakes area, and second, there is evi-
dence that magma may be associated with it. This evidence comes from two
sources. Julian {1983) found that, like two of the other Mammoth Lakes shocks,
the 1978 earthquake produced teleseismic waveforms which could not be
explained in terms of a simple double couple source (Julian suggests dyke intru-
sion along the lines of the source model proposed by Aki, 1984 for these events).
Second, Ryall and Ryall {1984), extending their work on S-wave shadowing, found
a zone of S-wave shadowing not too far (a [ew km) from the 1978 epicenter. Dur-
ing the present contract period, we have examined another line of evidence sug-
gestive along these lines, namely the presence of a slrong phase preceding S
which is possibly a laleral reflection being scallered by a shallow-crustal ano-
maly. Using the best available records, Peppin and Honjas (1986) have done
further work on this phase. In Figure 1 note that those earthquakes for which
the pre-Sis strong cluster at a few locations. They found that the pre-S times at
BIW are strikingly consistent (RMS only 0.02 second) with a lateral reflection
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from the south end of Hilton Creek fault at a depth of 1.0 km. This adds another
independent line of evidence for a strong crustal anomaly (magma bedy?) in this

vicinity.
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Figure 1. Station distrubution (left) and pseudo master-event locations
(right) of the aftershocks of the 1978 Bishop earthquake (M| 5.8).
Stations available are the triangles; stations used in the loca-
tions are solid. Epicenters showing a pre-S phase at station BIW
are squares in the right hand panel, with the solid squares those
for which the pre-S phase is strong.

Focal Mechanisms.

Work by Vetter {1986) on well-constrained focal mechanisms using the on-
line system data have revealed a pattern in the stress regime that appears to
indicate a tectonic boundary. The issue here is that the earthquakes in the
vicinity of Mammoth Lakes differ from those nearby in that they share a com-
mon axis of extension in the ENE direction. In Vetter's recent work, it was
discovered that, while earthquakes to the west of the Round Valley fault (see Fig-
ure 1) exhibit ENE extension, earthquakes to the east of the fault show a range
of extension axes, ranging from ENE to WNW, the latter being the normal Basin
and Range direction. This suggests that we can place quite exactly an eastern
boundary on the Mammoth Lakes seismotectonic province: to the east the
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mechanisms grade over into the more usual Basin and Range style of events.
Much of the data used comprises aftershocks of the November 1984 Round Val-
ley earthquake, whose source mechanism is known to be distinctly different
frorn) the other earthquakes (Barker and WAllace, 1988; Corbett and others,
1985).

Travel Times Through the Caldera.

Evidence has been accumulating for another pre-S phase, but this one is
seen only at the station SLK, NW of the caldera (Figure 2). Also in Figure 2 are
plotted observed travel times of P, S, and this pre-S phase, together with simple
halfspace travel times for a surface-focus source in a halfspace with a P-wave
velocity of 5.85 km/sec and an S-wave velocity of 3.4 km/sec. It is notorious
that the pre-S travel times are parallel with the S times. As a result, the time
intercept of a straight line drawn through these observations is negative. No
possible travel path involving flat-lying layers is capable of producing a travel
time curve with negative time intercept, and so some other explanation must be
sought.

Referring to the map image of Figure 2, it is observed that the earthquakes
showing this phase lie in an elliptical zone about 30 km long and 8 km wide
whose major axis points toward the reveiver station SLK. It is also noted that
this trend passes through Long Valley caldera at about the position of the
Sanders (1984) proposed magma bodies, implying a possible connection. In
fact, we have concocted a mode! which can fit these observations. In this model
the phase is explained as S leaving the hypocenters which converts to P and
then back to S on steeply-dipping faults bounding the caldera. If this interpreta-
tion is correct, the data shown herein will give important constraints on the
geometry of the magma bodies as proposed by Sanders (1984). The reason is
because, under this model, the P conversion is a minimum time path, presum-
ably in the partially melted rocks of the caldera. Consequently, the rays will
search for such an anomaly, travelling within it as far as possible. Therefore,
the time delay between pre-S and S is a direct measure of P travel time through
the anomalous zones. In contrast, the arrivals used by Sanders will tend to steer
around such anomalies, giving no such basis for quantitative analysis. We are
quite hopeful that the analysis of these waves will lead to marked refinement of
Sanders work; this is to be the subject of a Masters thesis project now under
way.
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Figure 2. Map view of Long Valley caldera (1eft) showing the earthquakes which
produced a pre-S phase at station SLK (upper left, solid triangle).
Travel times of P, S, and the pre-S phase are shown in the right panel,
having the labels "P", "S", and "X", respectively. The lines are simple
travel time curves wh1ch are for a constant velocity of 5.85 km/sec
(Tower) and 3.4 km/sec (upper). The pre-S times parallel the S curve
and the S observations in the distance range 40 to 80 km.

References

Aki, X., 1984, Evidence for magma intrusion during the Mammoth Lakes earthquakes of May 1960 and
implications of the absence of volcanic (harmonic) tremor, Jour. Cecphys. Res., 89, 7689-
76898.

Barker, J.S. and T.C. Wallace (in press). A note on the teleseismic body waves from the November 23,
1984, Round Valley, California earthquake, Bull. Seis. Soc. Amer., submitted.

Fuis, G., Cockerham, R.S. and Halbert, W., 1979. Preliminary report on the Bishop earthquake, M, =
5.8, October 4, 1978: Aftershocks and ground breakege, Abstracts with Notes, Geol. Soc. Am.,
11, 79.

Julian, B.R., 1983. Evidence for dyke intrusion earthquake mechanisms near Long Valley caldera, Cal-
ifornia, Nature, 303, 323-325.

Peppin, W.A. and Honjas, W., 1986. Further evidence on the crustal anomaly (magma body?) near the
south end of Hilton Creek fault, Mammoth Lakes, California, Earthquake Notes, 57, 10.

Ryall, A.S. and Ryall, F.D., 1984. Shallow magma bodies related to lithospheric extension in the
western Great Basin, western Nevada and eastern California, Earthquake Notes, 55,11.

Sanders, C.0., 1984. Location and configuration of magma bodies beneath Long Valley, California,
determined from anomalous earthquake signals, Jour. Ceophys. Res., 89, 8287-8302.

Smith, K.D., D.M. Martinelli, and E.J. Corbett (1985). Focal mechanisms of the November 23, 1984
Round Valley, California earthquakes, E®S, Trans. Amer. Geophys. Union, 68, 852.

Somerville, M.R. and Peppin, W.A., 1979. Recent seismicity patterns near Mammoth Lakes, California,
Farthquake Notes,50, 4.

Vetter, U.R., 1986. Focal mechanisms and the boundary of the Great Basin tectonic province, Earth-
quake Notes, 57, 21.

100



Northeastern Seismicity and Tectonics
9510-02388

Nicholas M. Ratcliffe
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INVESTIGATIONS

Interpretation of VIBROSEIS reflection profiles of the Ramapo Seismic Zone
in central New Jersey.

Analysis of geology along route.
Interpretation of earthquake epicentral data.
RESULTS

Analysis of a twelve- and 24-fold VIBROSEIS profile in central New Jersey
across the Ramapo fault and zone of high seismicity west of the Newark
basin has been completed. The line follows a route (Figure 1) that begins
west of the Green Pond syncline, continues east-southeast across Middle
Proterozoic gneiss of the Hudson Highlands, and into the Newark basin as
far as the second lava flow. Abundant faulting of Mesozoic age is found
in the area northwest of the Ramapo fault, where seismicity appears to be
concentrated.

The migrated version of the line as shown in Figure 2 clearly shows the
downdip termination of the second lava flow (labeled b) by the Ramapo
fault. A combination of drill-hole data and surface observations
indicates that the Ramapo dips 50° to the southeast.

Reflections from 0.6 sec to 0.2 sec under the Green Pond syncline show the
synclinal and anticlinal form of the Silurian and Devonian strata in the
Green Pond syncline. Reflections from the basement rocks under the Hudson
Highlands are poorly developed, although a southeast-dipping grain can be
detected at 1.0 to 1.6 seconds between CDP stations 160 and 300. These
reflections may correspond to thrust faults seen in VIBROSEIS profiles to
the south and known to exist from surface observations.

Earthquake hypocenters along the profile are portrayed in Figure 3 based
on the locations provided in the Regional Seismicity Bulletin of the
Lamont-Doherty Network. As in our other profiles, the seismicity west of
the Newark basin lies in a southeast-thickening wedge of Proterozoic
basement floored by Paleozoic thrust faults, but west of and beneath the
ma jor Mesozoic border fault. These data suggest that seismicity west of
the Ramapo fault may be caused by movements on brittle Mesozoic faults
that bound blocks of material as portrayed in Figure 3.
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BASEMENT TECTONIC FRAMEWORK STUDIES
SOUTHERN SIERRA NEVADA, CALIFORNIA

9910-02191
Donald C. Ross

Branch of Engineering Seismology and Geology
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, CA 94025
(415) 323-8111, ext. 2341

Investigations

1.

1.

Synthesis of petrographic data for mafic and ultramafic rocks of the
southern Sierra Nevada.

2. Compilation of all locations of samples for which Rb/Sr data are known
(about 190 localities) north to 36°00' in the southern Sierra Nevada.

3. Petrographic study of thin sections of granitic and metamorphic rocks from
the eastern front of the southern Sierra Nevada.

4, Synthesis of chemical data from about 80 sample localities (chemical
analyses for main elements and instrumental neutron activation analyses
for trace elements from 35°30' to 36°00' N. in southern Sierra Nevada.

Results

Study of mafic rocks in the southern Sierra Nevada, particularly the
gabbronorite of Quedow Mountain and several related bodies on the west
side of the batholith (generally about 25 kilometers or more southeast of
Porterville, California) are very similar to mafic bodies that were
originally considered to be fragments of the gneissic complex of the San
Emigdio-Tehachapi Mountains (for example, the bodies of Live Oak,
Breckenridge and Pampa [Ross, 1983]). Studies now suggest that these
bodies are scarps of a rather extensive area of gabbronorite to the
north. Nevertheless, similar ages of 115 m.y. on the Quedow Mountain
rocks (Saleeby and Sharp, 1980) and 110-120 m.y. ages on hornblende-rich
mafic complex of the San Emigdio-Tehachapi Mountains (Sams and Saleeby,
1986) suggests that both the gabbronoritic terrane and the largely
metaigneous mafic gneiss complex are related.
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Most instrumental neutron activation analyses for the southern Sierra
Nevada show a pronounced "Eu anomaly" (europium value lower than expected
in a "normal" rare earth element progression). This is not only true for
feisic rocks which show such an anomaly in the central and northern Sierra
Nevada, but common for the intermediate and more femic rocks, where such
an anomaly is uncommon elsewhere. The presence or absence of a "Eu
anomaly" is also of possible correlation value in some granitic bodies.
for example, two granodiorites on the east side of the batholith are very
similar petrographically though field work suggests they are different.
One granodiorite has a strong Eu anomaly and the other has virtually none,
suggesting they are not parts of the same unit. Similarly, two mafic
Jurassic units were suspected of being closely related, but one (the
Sacatar unit) has a pronounced Eu anomaly whereas the "related" quartz
diorite of Walker Pass has no anomaly, suggesting the two units are not
related. Not only Eu anomalies, but other rare earth element patterns
show possibilities of separating or combining some bodies of granitic rock.

In Jawbone Canyon (some 30 km NE of Mojave in the eastern Sierra Nevada) a
large area of dark rocks has many affinities with the mafic complex of the
San Emgidio-Tehachapi Mountains. However, preliminary Rb/Sr studies show
that these Jawbone Canyon rocks have a much more "continental signature"
than the mafic complex to the west that is primitive and oceanic.

Probably these two terranes are unrelated, though they are superficially,
at least, similar.

Reports

Ross, D.C., 1986, Basement-rock correlations across the White Wolf-
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Detailed Geologic Studies, Central San Andreas Fault Zone
9910-01294

John D. Sims
Branch of Engineering Seismology and Geology
U.S. Geological Survey
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Menlo Park, California 94025
(415) 323-8111, ext. 2252

Investigations

1.

Field investigations of structural and stratigraphic relationships between
late Cenozoic sedimentary units and underlying Franciscan and late Creta-
ceous units in the Parkfield-Cholame-Coalinga area of the southern Diablo
Range.

2. Field investigation of late Holocene and historic slip rates in the Park-
field/Cholame area.

3. Geological consultation and field examination of borehole sites for down-
hole instrumentation in the Parkfield area.

Results

1. The 40-km-long section of the San Andreas fault (SAF) in the Parkfield-

Cholame area is noted for its exotic allochtonous masses of rocks adjacent
to the fault zone. Two masses of particular interest are the hornblende
gabbro of Gold Hill, which are correlative with rocks at Eagle Rest Peak
and in the Logan Quarry; and the volcanic rocks of Lang Canyon that are
correlative with the Neenach Volcanics and the Pinnacles Volcanic Forma-
tion. Gold Hil1l, which is bounded by vertical faults, lies to the east of
the present main trace of the SAF. The volcanic rocks of Lang Canyon 1lie
16 km NW of Gold Hi1l and on the west side of the SAF. The relative posi-
tions of the gabbro of Gold Hill and the volcanic rocks of Lang Canyon are
reversed with respect to their correlatives to the north and south. This
reversal reveals some of the history of movement on the SAF.

In its initial prefaulted position, the Eagle Rest Peak-Gold Hill-
Logan Quarry mass was about 55 km NW of the Neenach-Lang Canyon-Pinnacles
mass. First, the Pinnacles and the Logan-Gold Hill body were detached
from their parent bodies and transported about 95 km NW; the Pinnacles
mass then lay about 30 km NW of Eagle Rest Peak. Second, the SAF locally
stepped eastward, and a sliver of the volcanic rocks of Lang Canyon was
detached from the Neenach Volcanics and moved 60 km NW. After the 90 km
of movement in stage one, the Pinnacles Formation and the volcanic rocks
of Lang Canyon thereafter maintained their relative position of about 90
km apart on the west side of the SAF. At the end of the second stage of
right-lateral movement, the Logan Quarry mass was opposite the present
position of Gold Hill after being transported about 150 km NW of Eagle
Rest Peak. The Gold Hill mass was then detached from the Logan gabbro and
was emplaced on the east side of the SAF.
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Provenance studies of the Etchegoin Formation suggest that major paleogeo-
graphic changes occurred during the late Miocene and early Pliocene in
central California. Provenance of the Etchegoin Formation is inferred on
the basis of the lithology and spatial distribution of detritus found
within these strata. A suite of detrital grains characterized by quartz
associated with green and brown hornblende is interpreted to have been
derived from hornblende-quartz-gabbroic rocks adjacent to the Vergeles-
Zayante fault. This source is now covered by post-Pliocene rocks, but it
is estimated by Ross (1984) to contain about 40 percent hornblendes.
Detritus characterized by quartz associated with hornblende, zircon,
sphene, epidote, and garnet is similar to that found in sandstone of the
Santa Margarita Formation. The similarity in these two heavy minerals
suites, and the fact that some of these heavy mineral grains exhibit a
variety of crystal shapes and others exhibit multiple degrees of rounding,
suggests that this plutonic-rich Etchegoin detritus was recycled from the
Santa Margarita Formation. Detritus characterized by quartz associated
with green and brown hornblende, epidote, and zircon is found in some
sandstone in the Coalinga region, and this detritus is thought to have
been derived from plutonic rocks in the Sierra Nevada. A Sierra Nevada
source is likely because hornblende, epidote, and zircon are common in the
mafic plutonic rocks of the Sierra Nevada. In addition, Sierran plutonic
detritus is expected to be found in Etchegoin strata of the Coalinga re-
gion because east of the Coalinga region Etchegoin strata grade laterally
into the Kern River Formation that is rich in plutonic detritus, which is
thought to have been deposited in alluvial fans built westward from the
plutonic basement of the Sierra Nevada. The volcanic detritus character-
ized by volcanic rock fragments associated with brown hornblende and aug-
ite or brown hornblende and hypersthene is thought to have been derived
from the Mehrten Formation, and subsequently, from coeval volcanic rocks
at the crest of the Sierra Nevada in central California. A Sierra Nevada
source is 1likely because: (1) the mineralogy of volcanic detritus in
Etchegoin strata is similar to that found in the Mehrten Formation; and
(2) the vertical succession of augite-rich to hypersthene-rich volcanic
detritus found in Etchegoin strata in the Coalinga region also occurs in
the upper Miocene volcanic rocks at the crest of the Sierra Nevada.
Severely weathered volcanic detritus that lacks accessory heavy minerals
is attributed to recyciing of mafic volcanic detritus from the Franciscan
sandstone in the Diablo Range. A reworked origin is suspected for this
volcanic detritus to account for the alteration and lack of typical
volcanic accessory minerals. The metamorphic detritus characterized by
metamorphic rock fragments associated with actinolite-tremolite and
glaucophane is thought to have been derived from blueschist facies
Franciscan rocks in the Diablo Range.

The late Miocene paleogeography of central California, prior to the
deposition of Etchegoin strata, was characterized by two marine embay-
ments; one in the San Francisco Bay region, the other in the central and
southern parts of the San Joaquin Valley. At this time, the Gabilan
Range, Santa Cruz Mountains, and the central part of the Diablo Range were
the major emergent region. The paleographic changes that accompanied on-
set of deposition of the Etchegoin Formation are uplift in the north-
eastern and southern parts of the Diablo Range, and submergence of the
Gabilan Range and most of the Santa Cruz Mountains region. Uplift in the
northeastern part of the Diablo Range is thought to be responsible for
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changing the locus of deposition of Sierran volcanic detritus from the San
Francisco Bay region to the San Joaquin Valley. Emergence of the southern
Diablo Range is suspected because arkosic detritus from the Santa Margar-
ita Formation of the southern Diablo Range is found in Etchegoin strata.
Submergence of the Gabilan Range and most of the Santa Cruz Mountains re-
gion 1is inferred because detritus characteristic of these regions are
lacking in Etchegoin strata; however, the Gabilan Range probably remained
a subsea high, The latter stage of deposition of Etchegoin strata are
characterized primarily by continued deposition of Sierran and Diablo
Range detritus in a restricted San Joaquin basin. The restriction of the
San Joaquin basin is attributed to the closure of the southern seaway and
a partial blockage by the Gabilan Range subsea high of the seaway outboard
of the Coalinga region, and it is reflected in the basin by reduced marine
deposition. The restriction caused by Gabilan Range became outboard of
the Coalinga region as a result of northwestward movement along the San
Andreas fault, which averaged approximately 26 mm/yr during the past 8 Ma.
The complex changes in mineralogic composition of Etchegoin strata in the
southern Diablo Range thus reflect changes in sediment dispersal caused by
emergence and a submergence of nearby and far removed areas of central
California.

3. Trenches in Holocene stream deposits near Parkfield reveal offset gravel-
bars formed by Little Cholame Creek about 3000 ka. The offset, from about
63.5 to 160 m, implies slip rates of from 20 to 50 mm/yr. This range
spans the rates determined from nearby Holocene units at the Melendy Ranch
and Wallace Creek, and exceeds the 1long-term rate inferred from the
Neenach-Pinnacles volcanic rocks. Rates of Holocene offset are more pre-
cise because they span less time and the offset is easily measured. How-
ever, the Holocene rate may not be comparable to longer term rates owing
to possible variation in the rate of slip for time periods of 100 to 1,000
ka.

4. Several days have been spent by Sims conferring with Malcolm Johnston, Tom
Moses, and others associated with the borehole instrumentation projects in
determining the best quality sites and site geological conditions that
affect drilling and instrumentation. Dave Higgins of my project is in
charge of sampling, the boreholes, preparing lithologic logs, and prepar-
ing follow-up reports. Results from hole VYCC yielded information on
Tithology of part of the Santa Margarita Sandstone. The material cored
showed that Santa Margarita is composed of detritus derived from the
erosion of Salinian block rocks and volcanic rocks of the Neenach-Pinna-
cles type. This data supports the hypothesis of three phases of movement
on the San Andreas in this region developed by Sims (see #1 above).

Reports
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LATE PLEISTOCENE AND HOLOCENE(?) FAULTING
BENEATH SAN FRANCISCO BAY, CALIFORNIA

14-08-0001-21917

Doris Sloan and Charlotte Brunner
Department of Paleontology
University of California
Berkeley, CA 94720
(415) 642-7873

INVESTIGATION

The objective of this project was to wuse stratigraphic and
paleontologic methods to investigate the extent, timing and sense of
movement of probable faults beneath San Francisco Bay. Previous
stratigraphic studies identified offset of 1late Pleistocene -estuarine
sediments in boreholes along a transect between San Francisco and
Alameda (Sloan, 1981; Laws, 1983; Sloan and Laws, 1983). Distribution of
foraminifer and diatom biofacies 1in the estuarine deposits records
transgressive conditions in the bay and a change from brackish marsh to
fully marine environments. Offset of these biofacies indicates movement
with an apparent vertical displacement of 17 m on several faults.

The approach in the present project was to determine 1) whether late
Pleistocene estuarine foraminifer and diatom biofacies are also offset in
cores from a San Mateo-Hayward transect; and 2) whether offset can be
traced upward through the overlying Wisconsin and Holocene deposits at
the San Francisco-Alameda or San Mateo—Hayward transects. Success in
tracing late Pleistocene faults northward and southward of the San
Francisco-Alameda transect and in recognizing Holocene offset depends on
closely-spaced sampling and sufficient preservation of microfossils to
permit definition of biofacies. Recognition of Holocene faulting
requires, in addition, sufficient change in biofacies to reveal offset.

RESULTS
1. Extent of Late Pleistocene Faulting

The distribution of foraminifers and diatoms was examined in late
Pleistocene deposits in five boreholes along the San Mateo-Hayward
transect. Preservation of microfossils was sufficient to permit
definition of foraminiferal and diatom biofacies, but resolution was not
detailed enough to determine whether fault offset occurs. Only 27
percent of the 85 samples examined for foraminifers contained
identifiable specimens, and only 54 percent of the samples processed for
diatoms contained enough identifiable specimens to permit biofacies
"determinations. The data show substantial offset of facies suggestive
of faulting. However, resolution is not good enough to discriminate
between fault offset or rapid facies change. Therefore, it was not
possible to determine whether discontinuities in late Pleistocene
estuarine sediments at the San Francisco-Alameda transect extend
southward as far as the San Mateo-Hayward transect.
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Although the objectives relative to late Pleistocene faulting were
not realized, valuable stratigraphic and paleontologic data were
collected, which extend our knowledge of the depositional setting of the
penultimate bay. The bilofacies in late Pleistocene deposits along the
San Mateo-Hayward transect are similar to those identified at the San
Francisco-Alameda transect (Sloan, 1981l; Laws, 1982), and are indicative
of marsh to subtidal environments. A deepening-upward sequence is
preserved. However, shallower conditions prevailed at the San Mateo-
Hayward transect than at the more northerly transect. Biofacies changes
in uppermost samples in several boreholes suggest a drop in relative sea
level. Evidence for small-scale changes in sea level and subaerial
exposure of sediments occurs in several boreholes.

2. Timing and Sense of Movement

At the San Francisco—Alameda transect samples from four boreholes
were analyzed to determine whether two offsets in late Pleistocene
estuarine deposits (Sloan and Laws, 1983) can be traced through the
overlying late Pleistocene terrestrial and aeolian and Holocene estuarine
deposits. At one locality stratigraphic relationships in the terrestrial
and aeolian deposits supports an interpretation of offset. A 3 n
sequence of flood basin deposits is present in one borehole but not in
the other. In addition, alluvial deposits in the two boreholes appear to
be lithologically dissimilar, although no detailed mineral counts were
made. Sloan and Laws (1983) argue for vertical offset of the late
Pleistocene estuarine deposits at this locality. However, the lack of
correspondence of younger sediments in the boreholes suggests lateral
rather than vertical offset. It is not possible to determine whether
Holocene deposits are offset because no Holocene samples are available
from these boreholes.

At the other locality boring logs and soil profiles strongly suggest
an offset of Holocene and late Pleistocene terrestrial and aeolian
deposits (Bay Toll Crossings, unpublished data). However, examination of
the sediments shows that they can be correlated between the boreholes
and that lateral facies change can account for the difference between
the sediments. The sediments are stream channel deposits and sands of
possible aeolian origin. Such sediments can exhibit a high degree of
lateral variability. Therefore, apparently only the late Pleistocene
estuarine deposits are offset.

Two possible Holocene offsets were investigated, one at the San
Mateo-Hayward transect, the other at the San Francisco—-Alameda transect.
There is much less microfossil variability in the Holocene than in the
late Pleistocene estuarine sediments, in which five biofacies can be
defined (Sloan and Laws, 1982). Only two biofacies, one intertidal, the
other subtidal, occur in the Holocene estuarine samples examined for
this study. This does not provide sufficient resolution to determine
offset of the deposits, which are relatively uniform in grain size and
mineralogy.

At the San Mateo-Hayward transect there 1is no evidence in the
distribution of the biofacies for fault offset of Holocene deposits. It
is likely that there is not enough change in the biofacies through time
to reveal offset if it were present. It 1is also possible that the
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sampling interval (1.5-3 m) is not small enough to provide the detail
necessary to show offset. Alternatively, the faulting that offset the
late Pleistocene deposits does not continue into the Holocene.

SUMMARY

Analysis of fault offset 1in late Pleistocene and Holocene core
samples from San Francisco Bay 1is hampered by the lack of closely-
spaced samples, by 1in—-situ and ©post—collection dissolution of
microfossils in estuarine sediments, and by relatively 1little biofacies
change through time in the estuarine sediments. In spite of these
problems, data are sufficient to provide some information on timing and
sense of movement of late Pleistocene offset at one of three localities
investigated and to suggest that movement 1is restricted to late
Pleistocene estuarine deposits at a second locality.

Presently available Holocene core samples are not adequate to analyze
possible Holocene sub—-bay fault movement. If at some time new
boreholes are planned along a transect across San Francisco Bay, every
effort should be made to obtain and process samples within a short time
(days to a few weeks) so that maximum information 1is retained. This
approach can provide a relatively low—cost method of identifying fault
offset i1f microfossil preservation is good, and closely—-spaced samples
are available.
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Investigations

1. Comparison of intraplate earthquake behavior in the Intermountain
seismic belt and the eastern U.S.

2. P-wave velocity structure of the crust-mantle boundary beneath Utah
from network travel time measurements.

3. Earthquake focal mechanisms in the Wasatch Front area during 1981-
1986.

Results

1. Despite evident contrasts in stress state and style of contemporary
deformation, regions of the (extensional) Intermountain seismic belt and
the (compressional) eastern U.S. appear to display some common aspects of
intraplate earthquake behavior. These include: diffuse background seismi-
city, problematic correlation of seismicity with surficial geologic struc-
ture, influence locally of pre-Cenozoic detachment structures on rates of
seismicity versus depth, low to moderate seismic flux, and long (>1 Ka to
>>1 Ka) recurrence intervals of surface faulting. Given the widespread
presence of late Pleistocene-Holocene fault scarps in the Intermountain
region and their corresponding paucity in the eastern U.S., comparison pro-
vides useful insight into using historical and instrumental seismicity as a
basis for: source-zone identification, recurrence modeling of moderate to
large earthquakes, estimating the minimum threshold of surface faulting,
and evaluating implications of 1low seismicity in the vicinity of late
Quaternary faulting (such as along the Meers fault). In the Intermountain
region, major active faults are generally not definable by background
seismicity, and moderate-size earthquakes smaller than M6 can be argued to
have a potential for nearly random spatial occurrence within bounds of
broad seismic belts. Superposed epicentral patterns result where seismi-
city varies above and below low-angle detachment structures, and the
recurrence rate of large earthquakes appears to be higher than that extra-
polated from background seismicity. Seismic zones in regions of fold and
thrustbelt structure in the eastern U.S. display depth-varying seismicity
similar to that observed in the Intermountain seismic belt. This notably
includes the southern Appalachians of eastern Tennessee and western North
Carolina, the Giles County seismic zone of northwestern Virginia, and the
Central Virginia seismic zone.

*Graduate students D.T. Loeb and I. Bjarnason also contributed
significantly to this project during the report pericd.
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2, Seismic refraction studies have generally concluded that the Utah por-
tion of the Basin and Range province is characterized by an anomalously
thin crust (25-28 km) and a very low P velocity of 7.4~7.6 km/sec.
Although travel time curves of local ear@hquakes (A < 250 km) support this
conclusion, travel time curves of near regional earthquakes (250 km < A <
700 km) indicate that upper mantle rock with a higher P_ velocity of about
7.9 km/sec is present below the 7.5 km/sec material. The depth structure
of these two refractors was investigated by the conversion of travel time
residuals to refractor depth using a backwards ray tracing technique and by
a modified time term inversion of travel times.

Results indicate that the 7.9 km/sec refractor dips eastward from a
depth of about 36 km in western Utah to about 44 km in the western Colorado
Plateau and Middle Rocky Mountains of eastern Utah, with most of the
increase in depth occurring in a 100-km~wide zone just to the west of the
physiographic boundary. The 7.5 km/sec refractor also dips eastward, from
a depth of about 25 km in north-central Utah to about 30 km at the eastern
margin of the Basin and Range. Refraction results indicate that this
refractor deepens in western Utah and disappears in eastern Nevada. There-
fore, a wedge-shaped geometry is inferred for the 7.5 km/sec material. The
7.9 km/sec refractor is interpreted to be continuous with refractors of
similar velocity that underlie the crust of the central Basin and Range
province of eastern Nevada and the Middle Rocky Mountains and Colorado Pla-
teau of eastern Utah, and is therefore interpreted to be the Moho. This
contradicts previous interpretations of the 7.5 km/sec material as a mantle
or asthenospheric upwarp.

3. A systematic and comprehensive study of focal mechanisms of Wasatch
Front earthquakes during 1981-1986 is now well underway. Exhaustive polar-
ity checks of the University of Utah network have been completed. Prelim—
inary focal mechanisms have been done for 20 events of 2.7 or greater.
The velocity model that we are using to locate the eventS and calculate
takeoff angles for most of the stations is a horizontally-layered version
of the model for the Wasatch Front discussed above and shown in Figure 1.
For stations in southeastern Idaho and in the interior of the Colorado Pla-
teau, we use different velocity models to calculate the takeoff angles.
These models are similar to the Wasatch Front model in the upper crust, but
below 17 km have velocity structures appropriate for these regions. As a
check on takeoff angles to be used in the focal mechanisms, we use reduced
travel time plots to compare observed travel times to those calculated from
the velocity models (Figure 2, top). The sample focal mechanism shown in
Figure 2 (bottom) is for a M 4.4 earthquake that occurred 10 km southeast
of Scipio, Utah on March 24, 1986, at 22:40. The focal depth was fixed to
6.3 km based on aftershock depths determined with the aid of a portable
network of 8 stations that was deployed following the event. The mechanism
shows a combination of normal and strike-slip movement on a fault plane
that strikes either northeast or northwest.
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Figure 1. Cross sections showing P-wave velocity structure across the
Wasatch Front. The locations of the cross sections ae shown on the
index map at the upper right. The structure below the top of the 7.5
km/sec layer is from network travel time measurements. The structure .
above this layer is generalized from refraction studies. Note the con-
tinuous 7.9 km/sec moho beneath Utah which was not detected by refrac-
tion studies because data was not recorded out to large enough dis-
tances.
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Figure 2. (Top) Reduced travel time plot for a 4.4 earthquake that

occurred 10 km SE of Scipio, Utah on March 24, 1986, at 22:40. Solid
lines show first arrival travel times calculated from a horizontally-
layered velocity model for the Wasatch Front derived from Figure 1.
(Bottom) Lower hemisphere P-wave fault plane solution for the same
event, constructed using takeoff angles from the revised velocity model
shown on the travel time plot. Solid and open circles indicate compres—
sional and dilatational first motions, respectively. Smaller circles
indicate less certain readings. The slip vectors, compression axis, and
tension axis are shown as triangles.
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Investigations

During 1985 and 1986 we have utilized earthquake data from the CIT-USGS
catalog, paleomagnetic determinations, paleoseismicity and historical
accounts of seismicity to examine the southern San Andreas fault system.

Results

1. Block rotations in southern California. The discovery that the San
Andreas fault system 1n southern California 1s characterized by systems of
blocks which are currently undergoing rotation 1s significant for earthquake
prediction 1s several ways. Following are two effects that we are currently
investigating: ’

a) A significant portion of the overall right-lateral plate displace-
ment 1s taken up by block rotations. This portion may vary in time and
space. Accordingly, the corresponding portion that 1s taken up by right-
lateral slip on the major faults will also vary. Thus, slip rate along
master faults may be different from place to place, and whether measured
geodetically or geologically.

b) Block rotations may effect the earthquake cycle. The stress across
a major fault preparing for rupture may be altered by the rotation of an
adjacent block. The strength of this fault may incrase if normal stress
increases as a consequence of block rotation. Thus, block rotation may be
related to the length of the interseismic period between great earthquakes
and to the timing of rupture.

We are carrying out a detailed structural/paleomagnetic investigation
of the southern San Jacinto fault zone addressing the relation between slip
in the master fault and rotation of adjacent blocks. Results so far include
the discovery of 30° of rotation of the Borrego Badlands during the Quatern-
ary and of many structural features within the Bandlands and in surrounding
regions assoclated with this rotation.

2. Block rotation along the southern San Jacinto fault zone. The 100
km long portion of the San Jacinto zone from the Anza Plateau to the
Imperial Valley 1s characterized by a series of northeast cross faults which
span the 3 to 7 km wide zone. Although major earthquakes are associated
with right-lateral ruptures on the northwest strands, aftershocks and back-
ground seismicity occupy the entire fault zone and are often associated with
left-lateral cross faults. A system of faults and blocks across the Coyote
Ridge at the northwestern end of this zone could transfer right-lateral
shear between two overlapping strands by rapid clockwise rotation. South-
east of Coyote Ridge, the San Jacinto fault zone occupies a broad valley
characterized by deformed Plio-Quaternary terrestrial clastics. Several
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cross faults are recognized in this young structural domain. Paleomagnetic
data from poorly lithified sediments of the Octotillo formation 1n the
Borrego Badlands and straddling the Inspiration Point cross fault, yield
normal and reversed characteristic magnetizations that deviate from geomag-
netic north and south by 20° to 30° clockwise. This rotation has occurred
in the last 0.7 to 1.0 my, since the sediment 1is younger than 1 my and the
sampled reversal older than 0.7 my. The minimum rate of rotation 1is then
0.3-0.7 urad/y, corresponding to a minimum overall displacement rate of
0.2-0.5 cm/y for the San Jacinto fault zone. Offset channels and a cluster
of 1968 aftershocks associated with the Inspiration Point fault suggest on-
going left slip and clockwise rotation. The triangular Clark Basin between
the Borrego Badlands and Coyote Mtn. may reflect pull-apart fanning between
rotating and translating portions of the San Jacinto fault zone. A detailed
resolution of block kinematics within fault zones such as the San Jacinto
fault zone at both the geologic and geodetic time scale may help to under-
stand the pattern of deformation leading to a major rupture,

3. Quiescence of the southern San Andreas fault and adjacent secondary
seismicity. The southern San Andreas fault in the area from the Pinto Moun-
tains to Bombay Beach (Salton Sea) 1is nearly quiescent at the microearth-
quake level. The closest seismicity is located 3-5 km NF of the fault. The
most active region 1is about 20 km wide and extends from as far north as the
Pinto Mountain fault to as far south as the Mecca hills. Relocation of
earthquakes using only stations NE of the San Andreas fault and proximal to
the activity does not seriously affect epicentral locations, suggesting that
the observed offset of epicenters from the San Andreas fault 1s not an arti-
fact of wvelocity inhomogeneity. Many of the earthquakes that occur within
this region can be ascribed to structures striking NE and con jugate to the
San Andreas fault.

Focal mechanisms of earthquakes between 1976 and 1985 were examined.
events with essentially common focal mechanisms were found to define linear
trends parallel to nodal planes. Structures thus defined are consistent
with a NNE axis of maximum compression, in contrast to generally N-S P axes
determined in the southern Salton trough and central Transvrese Ranges.

The most consistent feature in the region 1s that T axes from focal
mechanisms of either the normal faulting, strike-slip faulting or a combin-
ation of the two have nearly the same azimuth and plunge. This argues that
the least compressive stress, which 1s generally oriented southeasterly, is
much smaller than the vertical stress, which 1s approximately equal to the
maximum horizontal compressive stress. Those two stresses 1interchange to
give combinations of normal and strike-slip mechanisms. The pattern changes
abruptly as the San Andreas fault changes direction in San Gorgonio Pass.
Mechanisms 1in that area and in a broad area to the west in the Transverse
Ranges are characterized by strike-slip and thrust faulting such that the
maximum horizontal compression, which is oriented nearly north-south, is
much larger than the other two principal stresses. This 1s in accord with
the 1dea that relatively high stresses are required for the San Andreas
fault to slip in the big bend region whereas lower stresses are required for
it to slip between Palm Springs and the Salton Sea. This goes along with
the developing idea that the Palm Springs to Salton Sea segment of the San
Andreas has a repeat time of the order of 150 years 1n contrast to the major
bends or knots which have much longer repeat times.

Three large blocks are bounded by the Pinto Moutain, Blue Cut, Chiriaco
and San Andreas faults. The western portions of these blocks are currently
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active 1n response to accumulating elastic strain across a locked San
Andreas fault. None of the major E-W striking surface faults are selsmi-
cally active, however, microearthquakes define E-W en echelon structures in
the northern block. A Mj=4 event 1n a previously quiescent locality NE of
the 1947 Morongo Valley earthquake occurred 1in January 1985, This 1is the
largest event to occur in the study area in the period from 1976 to 1985,
A second set of 5 events with 3<{Mp<4 occurred 14 km to the SE during
January. These events fall on a NE striking lineament defined by earlier
earthquakes. The asymmetric concentration of activity in the northern por-
tion of the study area suggests that this area has localized higher stress.
Alternatively, the closely spaced active structures are uniquely sensitive
to the level of stress on the San Andreas fault.

. 4., Seismicity and fault kinematics along the Brawley seismic zone and
ad jacent regilons. The Brawley selismic zone 1s the most active section of
the San Andreas fault system in southern California. It 1is defined by a
broad band of earthquakes that trends just west of north and connects the
southern San Andreas to the Imperial fault. The high rate of microearth-
quake activity, combined with the shallow nature of the seismicity, the high
areal heat flow, the lack of known large (M>6) earthquakes, and the orien-—
tation of the fault zone relative to the plate motion vector suggest that
the Brawley seismic zone should be dominated by extensional tectonics.
Detailed analysis of the microearthquake data from the CIT-USGS catalog
reveals, however, that north of the surface rupture involved 1in the 1979
Imperial Valley earthquake, the Brawley seismic zone 1s not a single simple
fault, but 1s composed of a complicated series of nearly-orthogonal en
echelon northeast striking left-lateral faults that intersect other fault
segments striking north or northwest. Very few of the earthquake focal
mechanisms examined could be interpreted as pure normal fault solutions.
Instead the predominant syle of seismic deformation is strike-slip or obli-
que strike-slip. Some earthquakes even exhibit focal mechanisms with a
large component of reverse faulting. These events are generally located at
block corners where faults intersect and could be the result of rotations
induced by regional shear. Other earthquake hypocenters define a nearly-
vertical northeast-striking planar feature that parallels the southern end
of the Salton Sea and conncects the Superstition Hills fault zone with the
Brawley seismic zone. Motion along this tranverse structure 1s also left-
lateral and may be accomodating relative slip between the two major fault
zones as they converge at the head of Imperial Valley. Such secondary
structures may control the distribution of slip between major wrench faults
in California, as demonstrated by the occurrence of triggered slip on the
Superstition Hills fault after the 1979 event and the occurrence of a large
(M1, =5.5) earthquake on the Brawley seismic zone 10 hours after the 1942
Superstition Hills earthquake (Mp=6.5).
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